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BIGGEST. WIDEST. 
STRONGEST. : 


ND FIRST! Here's the first truck 
ever to win the prestigious Industrial 
Design Excellence Award (IDEA). It's 
loaded with power. Loaded with per- 
formance. And all at our lowest 
Sticker-price 


BIGGEST CARGO SPACE. Pack it up! With 
the most cargo volume of all leading compact 
trucks, it'll take all you can dish out. Double-wall 
bed construction means twin layers of steel insu- 
late the sleek outside from whatever you throw 
inside. And there's more between-wheel-well 
space than any other pickup in its class. A full 3.4 
feet for those wide loads. 


WIDEST CAB. Size it up. Sit three across with 
the most hip room of all leading standard com 
pact trucks. Nissan's roomiest cab ever was 


STRONGEST ENGINE. Turn it on, it's made 

to perform. A 2.4-liter, fuel-injected engine sees d 

to that. Twin-spark plugs and a hemi-head help 

crank out the most horsepower and torque of all 

the leading standard compact trucks. The 5: 

speed is standard. 4 
Independent front suspension, steel-belted 

radials, and rear leaf springs combine to provide 

a smooth, easy ride without sacrificing payload. 

The rear brake's proportioning valve automati: 

cally adjusts to payload for improved braking 

under load. The Hardbody 4X2. Works tough. 

designed around you. The enormous windshield Plays rough. See your Nissan Dealer today 


and side glass give youa FOR TOUGHNESS AND VALUE | 


commanding view. And 


there's more leg, shoulder 
and head room than you ever 
thought possible. 


“Make your day, bu 
a Ruiency Ere" 


R1070 MX3000 HX1500 


Go ahead, scan all the action. Fire, police, emergency, and 
weather transmissions. It's all there on a Regency scanner. 


pact, ne 
mounting bracket makes 


On the go...When you're on the go, and 
you need to stay tuned into the a: take 
along the Regency HX1500 hand-held — 
portable. Its advanced features include: 
keyboard programming, 55 channels, ten 
public service bands including aircraft, 
liquid crystal display, and 4 independent 
scan banks. 


Check one out today... For a free 
demonstration, visit your Authorized 
Regency Scanner Dealer today, or, write 
Regency Electronics, 7707 Records 
Street, Indianapolis, IN 46226 


Recency ELECTRONICS, INC, 
e 


7707 Records Street 
Indianapolis, IN 46226 

"Mobile use subject to restriction in certain localities. 
Celebrity look-alike — Joe Dimmick — Not to be 
construed as an advertisement or product approval 
by any celebrity. 
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Combostudy/ 


bedroom (525. 


A recently finished attic was trans- 
formed into a combination bedroom 
and office with clever built-in fea- 
tures. An expert reveals time-saving 
tips for constructing the storage plat- 
form bed, handsome horseshoe desk, 
and wainscoting. 74 


4WD wagons 


Four-wheel-drive wagons promise 
the comfort of a passenger car, ex- 
cellent load capacity and go-any- 
where utility. Can Plymouth Colt 
Vista, Nissan Stanza, Toyota Tercel, 
and Subaru GL-10 live up to these 
claims? Find out as PS puts them 


to the test. Page 24 


Waddeesay?? 


Why is it so hard for a computer to 
do what a child can do so easily 
—understand human speech? The 
answer lies both in the complexities 
of acoustics and in the mysterious 
properties of language. The first 
such machine will control the infor- 
mation revolution. 60 


Microchips 
Today's integrated circuits contain 
millions of transistors on a finger- 
nail-size silicon chip. Now research- 
ers are working to produce devices 
to dwarf this achievement. Circuits 
under development for use in com- 
puter logic functions and memory 
devices will work with organic mol- 
ecules. Enter the age of the biologi- 
cal microchip. Page 64 
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What's new in home improvement 
Fast walls with steel-frame panels 
HVAC in a box ... 
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Taking care of your car . 
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for playback on 
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ill cassettes. And a carrier tray is provided 
any VHS recorder. 


THEMI 


RACLE OF JVC TECHNOLOGY 


THE MIRACLE OF VHS M 
—— Sothis year we built a camera/ 
recorder that's not only compatible 
with every VHS deck in the world, 
but small enough to fit in the palm of 
T your hand: The JVC Mini VideoMovie. 
: Yee another little miracle from the people 
— who created the VHS format, 
the most widely used format in 
the world. 
The Mini VideoMovie records 
on regular VHS tape, wound on 


Instant Playbac 


only in larger, 
The v 
advanced C 
cording system 
up to an 


discover why t 


miracles never 


ghing 
battery and cassette, the JVC Mini VideoMovie has 


and other feature: 


notion that at J 


in at just over three pounds, including 
k—Power Zoom—Auto Focus 
ou would expect to find 

avier camera. recorders. 

» image is read by a durable 

2 chip. Also, the HQ (High Quality) re- 
developed by JVC allows you to record 


hour with exceptional picture quality. 
So pick u 


p the JVC Mini VideoMovie. You'll 
his camera/recorder was built upon the 
VC 


cease. 


This One 


TOLL] 


LUAM 


CA. Division, 41 Slater Dr., Elmwood Park, N.J.07407 JVC Canada Inc., Scarborough. Ont | 
8F1L-1BH-SC35 


Readers Talk Back 


‘Address letters for this column to: Readers Talk Back, PoPurar Science, 
380 Madison Ave., New York, N.Y. 10017. Because of the large 
volume of mail, we are unable to acknowledge unpublished letters, 


Return of the flying wing 


I have always been interested in the 
so-called flying-wing airplane. In the 
June 1933 issue of PoPULAR ScIENCE, I 
received my first look at such a craft 
[see drawing]. The Caproni airplane 
works in Italy designed this plane, and 
it seemed far advanced at the time. 
As a young lad, I was fascinated by 
its six engines and tunnels running 
through the wing. When Northrop 
Corp. made the YB-49 in 1947, I fig- 
ured this kind of plane was here to 
stay. Now, after reading your Septem- 
ber stealth aircraft article, I see that 
the wing design has returned—to stay, 
I hope. I look forward to your future 
articles on this, my favorite type of 
airplane. 

Paul Lucas, Burlington, N.J. 


I read with interest the article in your 
September issue on the stealth air- 
craft. I am sure I am not alone in no- 
ticing a connection to the subsequent 
article in the same issue, “Lord of the 
Rings” which discusses the Aerobie. 
As I read about the testing techniques 
used by the government and by Pro- 
fessor Adler, I was impressed that they 
pursued many of the same design con- 
cepts, albeit for different motives. I 
wonder if the next generation of 
smooth airfoil aircraft will be com- 


This drawing of the Caproni flying wing appeared in PoruLan Science in June '33. 


pletely circular, having overcome the 
lift-versus-drag problems of the cur- 
rent generation, and will begin to ob- 
tain some of the advantages of the 
Aerobie. I am also reminded of the 
shape of some of the air vehicles re- 
portedly seen by people back in the 
'50s. Are we coming full circle? (No 
pun intended.) Thank you for both ex- 
cellent articles. 

John W. Adler, Chicago, Ill. 


Wet umbrella 


Regarding "Umbrella Homes" [Aug.], 
the umbrella concept was probably 
sound as it applied to the author's par- 
ticular problem, but the solution could 
be potentially disastrous if used in 
every location. Citing the National Bu- 
reau of Standards as a source, author 
Hait says, and the accompanying draw- 
ing suggests, that the ground tem- 
perature at a depth of 20 feet is a 
constant 45 degrees E. This may be 
true at the mentioned site, but it is 
not necessarily the same in every lo- 
cation around the country. In fact, it 
can differ drastically from one town 
to the next, and sometimes from one 
site to the next within the same town. 
At many locations in Alaska, and 
other cold-climate regions, the ground 
temperature is below freezing 12 
months of the year. This condition, 

Continued 
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Pure 


(And we'll deliver...to: 


Imagine a superbly crafted elec- 
tronic instrument, powerful enough 
to protect against traffic radar, 
miniaturized enough to slip into a 
shirt pocket, beautiful enough to win 
an international design award — and 
advanced enough, thanks to its new 
Rashid-rejection circuitry, to obsolete 
the detectors of every other maker. 

Then imagine finding one with 
your name on it. 


Pure Joy is 
a PASSPORT of your very own 


PASSPORT has exactly what the 
discerning driver needs, superhetero- 
dyne performance and complete 
Rashid rejection. On duty, it main- 
tains a remarkably low profile, only 
0.75 inch tall. It's about the size of 
a cassette tape. 

This miniaturization is possible 
only with SMDs (Surface Mounted 
Devices), micro-electronics common 
in satellites but unprecedented in 
radar detectors. The result is Pure Joy. 

Others may put it differently. "In 
a word, the PASSPORT is a winner;" 


said the experts at Car and Driver. 
“The PASSPORT is recommended,’ 
said Road & Track. 

The package in which PASSPORT 
arrives is as impressive as its perform- 
ance. Everything is included: visor 
clip, windshield mount, straight cord, 
coiled cord — even a leather case. 
Each item is secured in its own foam 
padded compartment to assure safe 
arrival. Rather like traveling first 
class, we think. And this will be the 
impression when the box is opened. 

Installing PASSPORT is as easy as 
the unwrapping. Just clip to visor or 
windshield, plug into the lighter, and 
PASSPORT is on duty. 


td 


er 
gs 


PASSPORT comes complete with all accessories. 


Joy |. 


morrow mornin: 


y 

Pure Joy is also our commitment 
to you. If PASSPORT doesn't live up 
to your highest hopes — for any reason 
— within 30 days, just send it back. 
We'll refund all of your money and 
your return shipping costs. No excep- 


tions. No hidden charges. Just a 
straightforward commitment. 


Pure Joy is 
the gift you'll save till last 


One more PASSPORT advantage. 
It's available exclusively from us— 
and we deliver. No parking hassles. 
No crowded stores. No waiting in 
lines. Just call us toll-free. We'll pay 
for UPS shipment and a gift box is 
available at no extra charge. Orders 
in by 3:00 pm eastern time Monday 
through Friday go out the same day. 

* Federal Express guarantees 

overnight delivery for only $10 
extra. So you can have your PASSPORT 
tomorrow morning if you choose. 

With shopping this easy, giving 
PASSPORT is a pleasure. But the best 
part is still that special moment when 
the package is opened...Pure Joy. 


$295 (OH res. add $16.23 tax) 


Slightly higher in Canada 


© 1986 Cincinnati Microwave, Inc. 


PASSPORT 


RADAR-RECEIVER 


Call Toll Free 800-543-1608 


(Phone Mon-Fri 8-11, Sat 9-5:30, Sun 10-5 EST) 
Cincinnati Microwave 

Department 216D 

One Microwave Plaza 

Cincinnati, Ohio 45296-0100 


Readers Talk Back continua 


called permafrost, as well as subsur- 
face ice structures (not necessarily 
limited to cold climates) might be en- 
countered. If the umbrella home was 
built in one of these spots, a thaw-bulb 
would develop: The once “dry” ther- 
mal mass would become saturated, 
and the building would settle. The 
builder or homeowner would be left 
with little more than a cold, wet, and 

very expensive hole in the ground. 
Douglas Molby, Civil Engineer 
Corwin and Associates, Inc. 
Anchorage, Alaska 


Hinged-bridge priority 


"Hinged Bridge Drops into Place" 
[Sept.] indicates that this bridge in 
Germany was the first of its type built. 
A bridge crossing the 625-foot-deep 
chasm over the Storms River in South 
Africa between Plettenberg Bay and 
Port Elizabeth was completed well 
over a decade ago. This bridge was 
poured in two hinged sections that 
were dropped together by cables to 
complete the arch. It was designed by 
an Italian engineer who, due to his 
ill health, was monitoring from Rome 
the lowering of the two sections to join 
at the center. Upon being told they 
fitted together perfectly, he dropped 
dead of a heart attack. 

At the time I was in South Africa 
in 1981, there was another bridge 
using the same construction methods 
being built over another gorge about 
50 miles away. This is all covered in a 
museum at the Storms River Bridge. 
Richard G. Johnson, Shreveport, La. 


Taking liberties 


I beg to differ with you about access 
to Miss Liberty's torch. Reader John- 
son [^RTB," Aug.] is correct in his as- 
sumption that a visitor could climb up 
through the arm on a stair ladder and 
into the torch. I am no VIP, but in 
the late '30s I did climb up that lad- 
der, as did many others ahead of and 
behind me. 

Tony Wolkow, Garland, Texas 


Top heavy 


You do your readers a disservice by 
suggesting that a new floor and roof 
structure can be added to a typical res- 
idence without regard to the structural 
effect upon the foundations. Under 
normal conditions, the second-story 
addition described in "Add a Giant 
Dormer" [July] would not be permit- 
ted by the Uniform Building Code un- 
less measures were taken to increase 
the load-carrying capacity of the struc- 


1 


tural footings. Before your readers 
begin tearing their roofs off and in- 
viting grandma to come live with 
them, they should consult a licensed 
architect. 

Mark C. Holley, AIA, Stockton, Calif. 


A. J. Hand replies: “I consulted the 
architect of the project who said that 
any house built within the last fifty 
years should have footings strong 
enough to support this structure. If 
there is any doubt about the integrity 
of the footings, it would be smart to 
consult a structural engineer.” 


Power-outage pumping 


In the September “Alternate-Energy 
Answers,” a reader asked about emer- 
gency pumping during a power out- 
age. You suggested wiring an inverter 
to a 12-volt battery. I had the same 
need, but I used an ITT Jabsco pump 
made for the job. It is a 12-volt pump 
that draws a maximum of eight amps 
and lists for about $100. Piped in par- 
allel with the existing pump, it works 
well. Check valves must be installed 
in each pump to prevent short-circuit- 
ing by water. 

Earle C. Drake, Hohenwald, Tenn. 


Bad-mouthing diesel 


I was astonished by the answer in Au- 
gust's "Say, Smokey—” that advised 
a reader to buy a gasoline-powered 
motor home over a diesel. The way a 
diesel engine is rated for horsepower 
and torque is completely different 
from that used for gasoline engines. 
A diesel engine has more torque; proof 
is its use in large farm equipment and 
tractor-trailers. Also, in the long-term, 
the cost of a diesel engine is consider- 
ably cheaper than that of a gasoline 
one. Although diesel fuel costs about 
10 to 30 cents more per gallon than 
gasoline, the fuel mileage you get bal- 
ances it out. In terms of maintenance, 
there are far fewer repairs in diesel 
engines than in gasoline. There has 
been a lot of unfair treatment of die- 
sel engines, and I think it’s about time 
someone stood up for them. 

Curt R. Phillips, Rossville, Ill. 


Made in Japan 


In reference to the letter Tireless Jap- 
anese [“RTB,” Oct.], Honda does have 
a first-rate tire. My '83 Honda Civic 
Hatchback came with Bridgestone 
tires made in Japan. They have 69,943 
miles on them, and I expect them to 
make it to 100,000 easily. 

L. T. Odland, Hillsboro, Ohio 


6 | POPULAR SCIENCE 


Seance 


GRANT A. BURNETT Publisher 
JAMES M. GABAL Advertising Director 


ADVERTISING OFFICES 
NEW YORK 

380 Madison Ave... New York NY 10017 (212) 687-3000 
Todd Hammer, Rober L. Leichter, Frank Marshall, 

Geoffrey Marshall, Ellen Sarocino, 

Hony Fleischman Promotion Manager, 

Yvonne King Make-Up Manager, Marcus Barlow Assistant, 
Mary Ansbro Classified Advertising Director, 

Amy Petryk Assistant fo Publisher, 

Brenda Charles, Martha Frias 


CHICAGO 
875N. Michigan Ave., Chicago IL 60611 (312) 337-7717 
ting Meroe Ed McGoldrick, Gary Redmond, 


WEST COAST 

3550 Wilshire Blvd. Los Angeles CA 90010 (213) 380-1936. 
Jacqueline Donnelly Kelly Manager, Theodore L. Henry, 
Theresa Thum 


SOUTHWEST 

16990 Dallas Pkwy. Suite 220, Dallas TX 75248 (214) 
380-0416 

Joe T Kelly & Associates 

Joe Kelly, Hany Weiss 


DETROIT 

755 W. Big Beaver Rd.. Suite 420, Troy MI 48084 
(313) 362-9005 

Edward A. Borlley Manager 


ma Times Mirror 
M Magazines 


Published monthly by 

TIMES MIRROR MAGAZINES, INC. 

380 Madison Avenue, New York N.Y. 10017 

ISSN 0161-7370, 

HERBERT K. SCHNALL Chairman of the Board 

ANDREW J DEMPSEY Presiclant 

IN CONDON Executive Vice President, terit eei 


and Treasurer 
GERTRUD BORCHARDT Vice President, Manufacturing 
WILLIAM H. HUNTTING JR. Research Director 
JAMES M. GIRALDEZ Promotion Director 
MICHELE JEHLE Circulation Director 
DEB LEES Marketing Director 


POPULAR SCIENCE READER SERVICE 


Check below to report a change of address 
Or to get more mail. Or less mall 


Zip Code 


Piease attach your address label (or copy your name 
‘and address exactly as they appear on your label) in 
the space above. 


MOVING NOTICE. Put your old address above, your 
new one below. (Please give us six weeks’ notice) 


UNLISTING SERVICE. Check here if you don't want fo... 
receive maii from advertisers who use the POPULAR 
SCIENCE list. (Be sure to attach your label above.) 


LISTING SERVICE. Check here if you're not a sub- 
scriber but want to receive mail from advertisers who. 
use the POPULAR SCIENCE list. (Be sure fo fill in your 
name and address below) 


Name 


Address 


City 
POPULAR SCIENCE, PO. Box 2571 


Ezg Zip Code 


In the Army's Warrant Officer 
Flight Training Program, we'll train you 
to fly from the ground up. 


It all begins at Army flight school, 


where you'll learn take-off, in-flight 
and landing techniques. Once you've 
mastered the basics on the ground, 
an Amny flight instructor will show you 
how to apply them in the air. 

Before long, you'll be ready for 
your first solo flight. That's when things 
really take off. 

We'll teach you to hide a 10,000- 
pound helicopter behind a tree as 
gracefully as a hummingbird. You'll 
learn how to fly through total darkness 
to sneak up on a target. And how to 
skim treetops at 100 MPH 

But the desire to fly is only part 


IF big HAVE WHAT IT TAKES TO FLY, 
LL HELP YOU EARN YOUR WINGS. 


of what it takes to earn your wings. 
Italso takes discipline, self-confidence 
and the ability to perform under 
pressure. Three things every Army 
pilot needs. 

Check into the Army's Warrant 
Officer Flight Training Program. If you 
qualify, your future could end up 
exactly where you want it— in the air. 

For more information, contact 
your local Army Recruiter today. Or 
call toll free 1-800-USA-ARMY. 


ARMY. 
BE ALLYOU CAN BE. 


Science Newsfront 


By ARTHUR FISHER 


Recognition system 


Optical computer recogni- 
tion of objects in the real 
world—whether enemy 
missiles, machine parts on 
an assembly line, or can- 
cerous cells under the mi- 
croscope—is one of today's 
major technological chal- 
lenges. One approach is 
to identify an object by 
matching it to a pattern 
stored in a holographic 
template. But existing hol- 
ographic pattern-recogni- 
tion systems suffer from a 
critical handicap: The tar- 
get image must match 
the template precisely—in 
scale, rotation, and angle 
of view. In other words, if 
a head-on image of a plane 
is stored in memory but 
the system “sees” the craft from above, 
it will not be recognized. 

Now, however, scientists at Sandia 
National Laboratories, in Albuquer- 
que, N.M., have developed an experi- 
mental holographic technique that 


Spinning optical correlation filter for pattern rec- 
ognition produced this image of its phase. 


overcomes this handicap, enabling the 
detection and identification of target 
objects regardless of angle of view, ro- 
tation, brightness, or image scale. It 
works even when the target is par- 
tially obscured by other objects, 


changed in appearance by reflections 
or glare, or buried in visual “hash.” 
The new technique achieves this abil- 
ity because it produces a generalized 
holographic template that includes all 
pertinent information about a prospec- 
tive target. 

The developers of the system, 
George Schils, Donald Sweeney, and 
Ellen Ochoa of Sandia’s Imaging Tech- 
nology Division, call this new kind of 
hologram a lock-and-tumbler holo- 
gram because of its specificity. An ex- 
ample is reproduced at left. It shows 
a computer reconstruction of a draw- 
ing of an imaginary delta-wing air- 
craft ("noodled up” by the Sandia 
team). A special filter called a spin- 
ning optical correlation filter is used 
to dissect the target image into a num- 
ber of fundamental components using 
a standard mathematical technique 
(the Fourier transform). An image rep- 
resenting the phase of one such filter 
is also shown at left (bottom). This in- 
formation is stored in a computer, and 
the components are then recombined 
in a unique way to form the lock-and- 
tumbler hologram, using a complex 
computer algorithm called spectral 
integration. 

Although the system is being devel- 
oped primarily for military target rec- 
ognition, it could have many civilian 
applications, especially where less 
than ideal visibility prevails. 


Worse microburst threat 


Microbursts, those small but violent 
down-bursts of deadly wind shear that 
have probably caused a dozen or so 
airliner crashes with much loss of life, 
may be even more insidious than pre- 
viously thought. So says T. T. Fujita, 
the man who first discovered them. 
Professor of geophysical sciences at the 
University of Chicago, Fujita sus- 
pected that a microburst could origi- 
nate in a surprisingly small cloud— 
one with a top of only 21,000 feet 
—whereas most experts believed mi- 
crobursts were spawned only by large 
thunderstorms, with cloud tops of 
40,000 to 50,000 feet. To test this the- 
ory Fujita launched the Microburst 
Severe Thunderstorm Study, which is 
funded by the National Science Foun- 
dation and is part of a larger collabo- 
rative effort sponsored in part by the 
Federal Aviation Administration and 
NASA, using aircraft, ground stations, 
and Doppler radar. 

Sure enough, on July 6 Fujita re- 
corded a microburst from a small, ap- 
parently innocent rain cloud near 
Huntsville, Ala. *Even an experienced 
meteorologist like me can't always 

Continued. 
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Overwhelm Your Favorite Driver 


Remember those few times when you 
came up with the perfect gift? You could 
tell; the recipient was absolutely over- 
whelmed. He kept asking how you knew. 


Hits The Sweet Spot 

That's the effect ESCORT has on 
drivers. If they don't already have one, they 
know it by reputation. It’s the classic of 
radar warning; the one Road & Track says 
“ais highly recommended"; the one Car 
and Driver says “...is clearly the leader in 
the field in value, customer service, and 
performance...” Well over a million drivers 
have chosen ESCORT since it was intro- 
duced in 1978. Probably you know several 
of them, just in your circle of friends. Ask 
about us. 


We'll Stand On Our Record 

You'll hear of ESCORT's legendary per- 
formance. We're committed to advancing 
the technology of radar warning. And when 
our engineers make a breakthrough, we 
don't save it for a new model. We make 
the improvement immediately. That way 
ESCORT always delivers the latest in radar- 
warning science. 
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Power-ON LED Signal Strength Highway/City 
and Sensor Meter Switch 


Our most recent breakthrough is a 
signal processor which recognizes and 
rejects Rashid signals. It's an industry first 
that completely obsoletes the detectors 
of every other maker. 


More Than Legendary Performance 
But advanced technology is only one 
of the reasons ESCORT makes an over- 
whelming gift. Consider the way it works. 


ESCORT comes complete with a molded carrying case, both 
coiled and straight power cords, visor clip and hook and loop 
mounting, spare fuse and alert bulb, and a comprehensive 
owner's handbook. Gift box available at no extra charge. 


You know how a few possessions in this 
life get to be favorites because there's 
just something about them—a certain heft 
and feel, a certain way of going about 
their business—that just seems exactly 
right. 

ESCORT is like that. It's housing is 
made of heat-treated aluminum, which 
protects the sophisticated components 
within, and also gives a substantial feel. 
The audible warning uses Morse-code fre- 
quency (1024 Hz), which cuts through a 
Ferrari's interior noise, yet won't jangle 
your nerves. The alert lamp is controlled 
by a photoelectric eye, which makes it 
visible on the brightest day, yet dims auto- 
matically to eliminate nighttime glare. The 
list goes on, but we'll trust any ESCORT 
owner to give you the details. 


The Joy Of Giving 

Meanwhile, here's an ESCORT feature 
for the gift giver. Shopping is as easy as 
one toll-free call. We make ESCORT in our 
own factory and we sell directly to our 
customers. This means no parking prob- 
lems and no crowded stores. Just pick up 
the phone. Orders in by 3:00 pm eastern 
time Monday through Friday go out the 
same day. We'll pay for UPS shipment and 
a gift box is available at no extra charge. 


For even faster service, Federal Ex- 
press guarantees overnight delivery for 
only $10 extra. ESCORT could be in your 
hands tomorrow morning if you choose. 

Christmas or anytime, we make the 
same promise. If you aren't satisfied within 
30 days, send ESCORT back. We'll refund 
all your money and your return shipping. 
There are no hidden charges. 

Car and Driver called us the “class act" 
in radar detection. Your favorite driver will 
wonder how you knew. 


Try ESCORT At No Risk 
Take the first 30 days with ESCORT 
as a test. If you're not completely 
satisfied return it for a full refund. 
You can't lose. 


ESCORT is also backed with a one 
year warranty on both parts and labor. 


ESCORT $245 (OH res. add $13.48 tax) 
Slightly higher in Canada 


TOLL FREE. . 800-543-1608 


(Phone M-F 8-11, Sat 9-5:30, Sun 10-5 EST) 


er 


By mail send to address below. 
All orders processed immediately. 
Prices slightly higher for Canadian 
shipments. 


ESCORT 


RADAR WARNING RECEIVER 


VISA 


Cincinnati Microwave 
Department 016D 

One Microwave Plaza 
Cincinnati, Ohio 45296-0100 


© 1986 Cincinnati Microwave, Inc. 
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judge which of these clouds will pro- 
duce microbursts," says Fujita. "It 
would be even more difficult for a pilot, 
and there's no way a pilot can fly 
around all of these small rain clouds. 
I believe we are going to need to in- 
stall Doppler radars if we hope to 
warn pilots of microbursts before it's 
too late." 


Heads up! 


The man in the photo at the top of 
the page is a McDonnell Douglas en- 
gineer, demonstrating a headband- 
mounted one-inch TV monitor that 
will be used by NASA astronauts dur- 
ing repair and maintenance jobs on 
the manned space station. It’s part of 
OMIS—Operation and Maintenance 
Information System—for which Mc- 
Donnell Douglas Astronautics Co. has 
been awarded an advanced develop- 
ment contract by NASA's Johnson 
Space Center. The monitors will be 
linked to a voice-activated computer 
network and a videodisc library stored 
aboard the space station and at mis- 
sion control in Houston; the system's 
laser disc holds 54,000 pages on one 
side. For work outside the station, im- 
ages will be projected onto an astro- 
naut's helmet faceplate. The idea is 
to have astronauts read instructions 
and view diagrams as they work, 
rather than relying on lengthy and te- 
dious pre-mission training. 


Body building 


Dr. Paul Goddard, above right, is look- 
ing inside his patient. A radiologist 
who specializes in the diagnosis and 


Using Tritec, doctors can build trans- 
parent bodies of patients from film. 


treatment of cancer patients at Bristol 
Royal Infirmary in England, he is us- 
ing a new imaging system to plot the 
location of a convoluted tumor and 
plan the best surgical routes. The sys- 
tem, called Tritec, can transform any 
sequence of two-dimensional informa- 
tion, such as CT (computerized tomog- 
raphy) cross-sectional scans, into a 
three-dimensional image that can be 
studied in a variety of ways. A Perspex 
acrylic plastic frame with four alumi- 
num legs holds layers of film and sits 
on a light box. In the photo, the films 
are dot-matrix printouts from CT 
scans arranged in proper sequence. 
The result is a transparent body. Many 
other applications are possible, from 


the creation of 3D models from con- 
tour maps to the re-creation of micro- 
organisms from electron microscope 
views. 


Hubble time 


Dr. Riccardo Giacconi, director of the 
Space Telescope Science Institute, in 
Baltimore, Md., has made amateur as- 
tronomers an offer they just can’t 
refuse—observing time on NASA's 
Hubble Space Telescope. Scheduled for 
launch by the space shuttle when it 
returns to service, the HST is the most 
advanced telescope ever built—and 
the largest, with a 94/2-inch-diameter 
mirror, to be placed in space. Unfet- 
tered by Earth's distorting atmo- 
sphere, it should be able to detect 
celestial objects 50 times fainter and 
see them with 10 times more clarity 
than any ground-based telescope. 
Tantalized? Here's how to qualify: 
You must be a US. citizen who is not 
a professional astronomer, and you 
must have a specific project of scien- 
tific or educational value that is im- 
possible to carry out from the ground, 
and therefore requires the unique 
high sensitivity, extended wavelength 
range, and high resolution of the HST. 
To receive instructions for making 
preliminary proposals, send $1 to: 
HST Amateur Astronomers Working 
Group, c/o AAVSO, 25 Birch St., Cam- 
bridge, Mass. 02138. Make checks 
payable to AAVSO. The deadline for 
applications is March 31, 1987. 


Glowing genes 


A team headed by biochemist Dr. 
Aladar A. Szalay of the Boyce Thomp- 
son Institute for Plant Research, in 
Ithaca, N.Y., has perfected a means 
of tagging genes with biolumines- 
cence—a natural light glow. The tech- 
nique could materially increase our 
knowledge of genetics. It reveals gene 
expression—the biologically pre-pro- 
grammed tasks of genes—by making 
them light up as they follow the 
instructions of tagged recombinant 
genes. First demonstrated in the bac- 
teria that produce nitrogen on the 
roots of some plants, the glow-in-the- 
dark technique will be extended to in- 
sects as well as plants. 

“If the technology can be perfected,” 
Szalay said, “one can imagine the 
technique being used to study the de- 
velopment of specialized tissues or or- 
gans in animals and plants." Recent 
research shows that even single cells 
in a tissue can be identified by com- 
puterized image analysis based on 
light emission. us 
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Now Panasonic Hi-Fi VCRs 
can make your house sound better 
than most movie houses. 


Experience the supernatural. An eerie presence you enjoy stereo TV broadcasts through your stereo. 
seems to fill the room. This phenomenon is created Less sophisticated video recorders won't stand a 
by the picture and sound from the new Panasonic ghost of a chance once you see what this VCR can do: 
VHS Hi-Fi video recorder, PV-1742. In fact, it has Its HQ circuitry enhances the image. The Tech-4'" 
the amazing ability to produce sound better than four-head system gives you virtually noise-free slow 
most movie houses. motion and freeze-frame. And its full-function wireless 

This Panasonic VCR can do something else remote can even let you program it to record up to 8 

T thats unbelievable. It can shows over 3 weeks. 

turn your ordinary TV So create a supernatural 
into a stereo TV. presence in your home. 
Because its built-in Experience Panasonic 
? MTS decoder lets VHS Hi-Fi. 


Panasonic. 
just slightly ahead of our time. 
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Automotive 


By DAN McCOSH 
Detroit Editor 


Newsfront 


Ford of the future 


Auto makers are working toward pro- 
ducing microprocessor-controlled cars, 
and Ford has incorporated a number 
of advanced electronic features in its 
Eltec (short for Electronic Techonlogy) 
prototype. My colleague Tom Wilkin- 
Son drove this high-tech car recently. 
Here is his report: 

"The engine of Ford's Eltec proto- 
type was idling smoothly. Sitting next 
to me in the passenger seat, Alan Wil- 
kinson, an engineer for Ford of Eu- 
rope (and no relation to me), had just 
finished describing the complex com- 
puters that control almost everything 
about the car. Ready to slip the lever 
of the continuously variable transmis- 
sion (CVT) into reverse, I decided to 
first blip the throttle once or twice 
to hear how the tiny 1.3-liter four 
sounded. 

“But when I pushed the pedal, noth- 


Ca 


ing happened. The engine just kept 
ticking away at idle. I pushed the 
pedal harder. Still nothing. Finally, 
Wilkinson laughed and pointed to a 
rocker switch on the shift lever. "When 
it's in “economy” mode, it won't let you 
waste fuel, even if you want to. 

“It didn’t take but a few miles with 
the Eltec sedan to realize that the car 
was going to do a lot of thinking for 
me [‘All-out Computer Car,’ PS, April]. 
What shocked me was how often the 
car seemed smarter than I was. 

“For instance, the engine computer 
not only controls Eltec’s fuel injection, 
ignition timing, and intake system, it 
also runs the CVT. As a result, en- 
gine and transmission work together 
as a single unit, doing everything pos- 
sible for the best performance and 
economy. Click the gear lever switch 
to ‘performance,’ and push the throt- 
tle for a burst of acceleration: Engine 
speed jumps to nearly 5,000 rpm, then 
holds there while the transmission 
smoothly changes ratios to accelerate 
the car. Let off the gas, and Eltec 
coasts almost silently as the engine 
drops instantly to idle. Move the 
switch to ‘economy,’ and the engine 
speed is held much lower—and accel- 
eration is, well, leisurely. 

“Getting the most performance from 
the least fuel is only one of Eltec’s 
tricks. Computers also control the car's 
air springs and variable-damping 
shocks. High-speed lane changes 
caused the suspension to stiffen almost 
instantly, resulting in crisp, race-car 


Computers control almost every part of Ford's Eltec prototype. But the white- 
on-black analog instruments are still of traditional European design. 


PHOTOS BY TOM WILKINSON 


handling. The suspension also kept 
the nose from dipping no matter how 
hard I pressed the anti-lock brakes. 
And though the car’s 79-horsepower 
lean-burn engine could scarcely spin 
Eltec’s wheels on the dry test track, 
Wilkinson assured me that electronic 
traction control wouldn't allow the 
front tires to lose their grip on the ici- 
est surface. 

“I didn’t expect to like sharing my 
driving with a bunch of microcircuits, 
but after a half-hour on the Ford test 
track in Dearborn, Mich., I was warm- 
ing up to the idea. Even when the 
computers were the most noticeable, 
they worked in such a logical way that 
it was hard to object to the intrusion. 

“I also appreciated the gauges and 
controls. Even though everything was 
electronic—from the speedometer to 
the switches and servos that operated 
the heater—the instrument panel still 
looked and felt mechanical, in the best 
European tradition. 

"Though Eltec itself will never see 
production, Wilkinson said that many 
ideas featured on it will. 'CVTs are 
the first thing you'll see,' he said. 
"There have been manufacturing prob- 
lems with the belts, but once that's 
solved, the CVT is set to go. As for the 
adaptive suspension, it's virtually into 
production.’ " 


Backing up—again 


*Newthink" in Detroit's product plan- 
ning circles has prompted cancellation 
of still more of the best-laid plans of 
domestic auto makers. Following the 
abrupt postponement of General Mo- 
tors’ advanced-technology Camaro/ 
Firebird (F-car) program, which would 
have cast the popular sporty car in 
plastic, Ford now says it won't build a 
sexy mid-engine sports car in France, 
as planned. 

The official reason for this change 
in plans is the declining value of the 
dollar, which makes it expensive to 
produce cars overseas. But insiders say 
the main reason is the reluctance to 
commit to a flat-out performance two- 
seater in a market that is fast becom- 
ing glutted with these vehicles. 

Ford is now rumored to be favoring 
a rear-drive sporty car based on a 
shortened 1989 Thunderbird chassis. 
The slightly more sedate vehicle 
proposed will be similar to the Cadil- 
lac Allanté and Chrysler's as-yet- 
unnamed Maserati-based two-seater. 

As for GM's future Camaro, the lat- 
est consideration is to carry on with 
the rear-drive car, but also to intro- 
duce a new front-drive car derived 
from the J-car (Cavalier) chassis. This 

Continued. 
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When you look at 6,000 years of history in 
chronological order—on a chart almost three 
feet high and eight feet long— important dates 
and events just seem to fall into place! 

Never has there been a clearer, more 


concise overview of our history, archaeology, 


theology and mythology than with The World 


History Chart from International Timeline, Inc. 


Test your talent for historical trivia. What 
do the Great Wall of China and the Chin 
Dynasty have in common with the Roman 
Empire? When the Normans migrated to 


Northern France, where did they come from? 

The world takes on new dimensions as 
you witness the development of 15 major 
civilizations from 4,000 B.C. to the present. To 
fully understand the scope of information on 
the Chart—picture U.S. history as just two 
inches over the space of eight feet of time! 

This invaluable teaching and reference tool 
has taken years to compile. Its easy-to-read 
format appeals to everyone from the casual 
admirer to the scholar. 

The World History Chart has been on 


i 
ri 


display in the Library of Congress. Now, you 

can have your own for just $29.95 (U.S. 
currency) plus $5.00 for shipping and handling 
($34.95 each). Add $15.00 for each laminated 

chart ($49.95). Simply call toll-free 1-800- 
621-5559 (1-800-972-5855, in Illinois), and 

charge it to your MasterCard, VISA or Choice. 
Or, complete the coupon below and mail 

with check or money order payable to: 

International Timeline, Inc., 2565 Chain 

Bridge Road, Vienna, VA 22180. (Virginia residents 

add te sales tax Outside US. add $10.00 instead of $5.00 for 

shipping and handling. Allow 4-6 weeks for delivery.) 


| Please send me the World History Chart for $29.95 (U.S. currency) 
plus $5.00 for shipping and handling for each chart ordered ($34.95). 


| 6,000 Years Of History At A Glance For Only °29.95! 


Add $15.00 for each laminated chart ($49.95). Outside U.S. include I 
an additional $5.00 for shipping and handling. 


l Send to: - : Address: 
ease pret) 
City: State: Zip: # Of Charts Desired: Laminated Unlaminated 
Enclosed is check — money order for $__. Checks payable to: International Timeline, Inc. l 
Liiginia residents add 4% sales tax. Please allow 4-6 weeks for delivery. PS- 2 d 2565 Chain Bridge R Road, i, Vienna, V VA A22180 | 
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Nissan's Pulsar NX increases its flexibility with interchangeable rear hatches. 


latter program may disappoint high- 
horsepower buffs, but GM likes it 
because it's a much less expensive 
proposition than even the current 
F-bodies. 

Meanwhile, Cadillac's sluggish 
sales of the Seville and Eldorado have 
prompted shutting down the Ham- 
tramck, Mich., assembly plant while 
designers attempt to quickly redesign 
the cars to look more “Cadillac.” This 
is being done only months after a sim- 
ilar redesign move was begun on 
the full-size front-drive Cadillac. 

GM’s luxury-car division has been 
having a tough time lately hanging 
onto its exclusive image. The two-seat 
Allanté, with its Italian-made chas- 
sis, is due on sale this spring and is 
already being considered for a new 
high-output V8 made by Lotus of En- 
gland. (Lotus is majority-owned by 
giant GM.) High-performance versions 
of this V8 have been tested for use in 
future Corvettes. 

As for Chevrolet's plastic sports car, 
development continues under a joint 
venture involving British engineering 
firms and Lotus. But with GM cur- 
rently working on a program to re- 
duce its car lines to just four basic 
“platforms,” Corvette becomes a can- 
didate for sale through an indepen- 
dent franchise—possibly through 
non-GM outlets, say insiders. Respond- 
ing to the speculation about Corvette 
independence, GM president F. James 
McDonald said, “Over my dead body.” 


Chameleon car 


An idea that has been on the draw- 
ing board for years finally emerges in 
the showroom as Nissan unveils its 
new Pulsar (photo above) with inter- 
changeable rear hatch covers. The car 
quickly converts from a conventional 
sports coupe to a modified station 


wagon with a few turns of a wrench. 

Leaving both tops off yields a sort 
of open-back pickup, adequate to carry 
a rubber tree across town. 

“It’s not really a truck," disclaims 
designer Gerald Hirshberg. “It’s not 
really a wagon either, but it offers a 
range of flexibility" 

Nissan is already entertaining new 
conversions for either the Pulsar or 
other vehicles using the same concept. 
The company is also tracking how the 
two-way tops actually get used. In 
Japan, dealers have taken a novel ap- 
proach: They keep spare tops on hand 
so that a customer desiring a change 
simply borrows one for a day or so, 
leaving the old top as security. 


Ceramics breakthrough 


A long-awaited breakthrough in ce- 
ramics technology is being developed 
by GTE Laboratories and others, as 
silicon carbide fibers are wedded to a 
silicon nitride matrix. The result, say 
GTE researchers, is a dramatic new 
resistance to cracking and breaking. 
This is important because the brittle- 
ness of ceramics is the biggest problem 
standing in the way of its use in au- 
tomobile engines. 

On the other hand, lack of a dem- 
onstrated ability to produce ceramic 
engine components in high volume has 
also thwarted some automotive appli- 
cations. Even in Japan—where the 
government has been promoting ce- 
ramics technology as a new exportable 
product—auto makers have become 
lukewarm as development lags. 

In addition, the changing views on 
the eventual benefits of ceramics are 
even more disconcerting to ceramics 
advocates than are production prob- 
lems. The high-temperature, super- 
hard material holds the promise of an 
oil-less engine without a cooling sys- 


tem. Some engineers, however, are now 
questioning the relative benefits of 
this type of engine. 

From Dr. Ulrich Seiffert, Volks- 
wagen AG vice president, research, 
comes this observation: “There is new 
evidence that the conventional [water- 
cooled] engine is superior in thermo- 
dynamic efficiency to the adiabatic 
engine.” Since the adiabatic concept 
—where most of the heat is retained 
in an insulated engine—was a major 
goal of all ceramic-engine programs, 
Seiffert’s observation is yet another 
nail in ceramics’ coffin. 


VW electric shift 


Volkswagen's Seiffert also derides re- 
cent attempts to develop a belt-driven 
continuously variable transmission 
(CVT). That's surprising, since Seif- 
fert’s own department developed a 
working CVT several years ago. Pro- 
duction problems slowed introduction 
of the CVT, which uses changing- 
diameter pulleys to provide variable 
gear ratios. Now, says Seiffert, VW is 
concentrating on a relatively simple 
electric shift for adaptation to a five- 
speed manual transmission. Accord- 
ing to VW, this should yield higher 
efficiency than that of today's hydrau- 
lic automatics, but at lower cost. 


Only after lunch 


The latest entry in the competition to 
achieve a practical on-board automo- 
tive navigation system comes from 
Mitsubishi Electric. 

Utilizing the still-incomplete Global 
Positioning Satellite system (GPS), 
Mitsubishi demonstrated a GPS on- 
board computer in a Detroit suburb. 

Two drawbacks were soon apparent. 
First, the group had to wait until after 
lunch. Because there are not enough 
of the satellites in orbit yet, a satel- 
lite would not be in position until 1 
p.m. Second, two of the “birds” were 
malfunctioning, so accuracy was im- 
paired: Inside the car, the navigator 
indicated that we were crossing a road 
that was still several blocks away. 

Regardless, the screen of the navi- 
gator showed a moving dot trailing a 
dotted line that indicated where we'd 
been. The display was so clear that it 
was easily seen from the back seat. 
It's the easiest to read of any system 
Tve experienced so far. 

The system is "expensive," says 
Mitsubishi. Early sales are anticipated 
to police and fire departments—but 
both will have to wait until the GPS 
is complete. us 
Contributor: Tom Wilkinson (New York) 
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Here's a perfect gift 
that's sure to fit 

Give your family Radio Shack's 
remarkable Color Computer 2 
(26-3127, Reg. $159.95), and 
start computing the first thing 
Christmas morning—even if 
you’ve never used a computer 
before! Simply attach to your 
TV, and you're set. 


Everyone in your family can 
use the Color Computer 2 year 
round for education, entertain- 
ment, and home management 
tasks. It can even be used for 
writing your own sophisticated 
programs— simply pop in an 
instant-loading Program Pak" 


cartridge, or choose ready-to- 
run cassette software (requires 
optional recorder) to set up a 
family budget, monitor invest- 
ments, create an inventory of 
household items or play exciting 
games with sound effects. Your 
children will use the Color 
Computer 2 to help strengthen 
their math, spelling and reading 
skills, too. 


Save $100 on the 
matching disk drive. 

The Color Computer 2 lets 
you access 32,000 characters of 
memory with the built-in BASIC 
language. As your family's inter- 
ests and skills grow, the Color 


Great Christmas Savings from Radio Shack 


64K Color Computer 2 


ONLY $9995* 


Save *60 on a colorful gift 
for the whole family 


Computer 2 can be expanded to 
keep up with everyone’s needs. 
Add the FD-501 Color Thinline 
Disk #0 (26-3131, Reg. $299.95, 
Sale 199.95) to access the full 
64K memory and to store over 
156,000 characters of data. Plus, 
you can add a telephone modem 
for communications, a printer, 
joysticks and much more. 

Put the Color Computer 2 in 
its place—at the top of your 
family’s gift list—and do your 
shopping early at Radio Shack. 


Radio Shaek 


The Technology Store" 


A DIVISION OF TANDY CORPORATION 


"TV, platform and disk drive not included. Prices apply at Radio Shack Computer Centers and participating Radio Shack stores and dealers. Sale begins 10/21, ends 12/24. 
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By WILLIAM J. HAWKINS 


Digital VCR 


Press the “play” button. The picture 
from RCA’s new VHS VCR with HQ 
(high-quality) circuitry is clear, sharp, 
vivid with color. No surprises. Now 
p the "freeze" button. Unlike fro- 
zen frames from most other VCRs, this 
one is perfectly still. Reason: The pic- 
ture is stored digitally. 

Digital TV circuitry—first intro- 
duced in top-of-the-line TV sets—has 
struck VCRs. Result: PIP (picture in 
a picture), super-still freeze frame, 
glitch-free slow motion, and new spe- 
cial effects called mosaic and poster- 
ization appear on your TV. "To accom- 
plish the 1 eff says David 
president of RCA’s prod- 
uct planning, "the VMT400 us 
DRAMs [dynamic random-access 
memory chips]. 

DRAMs grab and store up to two 
separate fields of the digitally encoded 
video signal. Then the digital signal 
is converted back to conventional video 
and, depending on the button you 
press, shown in a variety of ways. 

For example, in still motion the data 
stored in the DRAM are read repeat- 


DIGITRL 


edly and the single picture is dis- 
played. Similarly, for slow-motion 
playback from ' to Yso the normal 
speed, the same field is displayed until 
another is pulled off the slow-moving 
tape. Because a single, complete field 
is grabbed, the slow-motion effect is 
jitter-free 

Mosaic and posterization effects can 
be used for adding titles or clever 
breaks between scenes when editing 
your home movies. In the mosaic 
mode, the horizontal line information 
is repeated every six lines down the 
screen. The picture looks as if it’s 
printed on blocks of mosaic tile. The 
posterization effect comes from elec- 
tronically ignoring part of the digital 
data. The resolution drops, making the 
scene look like a cartoon poster. 

Two of the nine DRAMs are devoted 
to PIP. Pr the “PIP” button, and 
another picture, 12 the size of the orig- 
inal, appears in one corner of the 
screen. Watch a videotape on the big 
picture; at the same time flip through 
the channels and watch TV broadcasts 
on the small picture. “The smaller pic- 
ture can be moved to any corner of 
the main screen,” says Daly. “PIP is a 


feature that until now was available 
on only the most expensive digital 
television re ." The price for the 
VMT400 is § 

Although RCA is the latest maker 
to show a digital VCR, the company 
won't be alone. Both Toshiba and NEC 
will have models this fall. Besides spe- 
cial effects, the NEC model uses digi- 
tal techniques to enhance the picture 
quality. 


Improved hearing aids 


“I was visiting my mother in Europe,” 
says Dr. Daniel Graupe, professor of 
biomedical engineering at the Univer- 
sity of Illinois at Chicago. “She com- 
plained to me about the noises in her 
hearing aid, and she insisted I try it. 
I did. The window air conditioning was 
on, and I couldn't believe the amount 


| of noise it created. Even soup, cook- 


ing in the kitchen, was annoying to 
me. Because the aid amplifies all 
sounds, I learned that background 
noise becomes disturbing, and it 
masks conversations. I thought about 
the problem on the plane going 
home. By the time I landed, I had the 
solution." 

It would be 11 years before the 
solution—a mathematical formula 
that inhibits selected noise in an audio 
signal—would be applied in a device 
called the Zeta Noise Blocker. De- 
signed for future hearing aids, the 


Continued 


RCA'S VMT400 VCR stores a digital video signal in dynamic random-access memory chips for special effects. 
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Train for the Fastest Growing Job Skill in America 


Only NRI teaches you to service and 
repair all computers as you build 
your own 16-bit IBM-compatible 


micro 


Now that computers are firmly 
established in offices—and in homes, 
too—the demand for trained com- 
puter service technicians surges for- 
ward. The Department of Labor 
estimates that computer ser- 
vice jobs will actually double 

in the next ten years—a 
faster growth rate than 
any other occupation. 


Total systems 
training 

No computer stands 
alone. . .it’s part of a 
total system. And if 
you want to learn to 
service and repair com- 
puters, you have to under- 
stand computer systems. Only NRI 
includes a powerful computer system 
as part of your training, centered 
around the IBM-compatible Sanyo 
550 Series computer. 

As part of your training, you'll 
build this highly rated, 16-bit IBM 
compatible computer system, 
assemble Sanyo's "intelligent" 
keyboard, install the power supply 
and disk drive, interface the high“ 
resolution monitor and dot matrix 
printer, even expand the memory 
from 128K to 256K RAM. It's 
confidence-building, real-world 
experience that includes training in 
programming, circuit design, and 
peripheral maintenance. 


No experience necessary— 
NRI builds it in 

Even if you've never had any previous 
training in electronics, you can 
succeed with NRI training. You'll start 
with the basics, then rapidly build on 
them to master such concepts as 
digital logic, microprocessor design, 
and computer memory. You'll build 
and test advanced electronic circuits 
using the exclusive NRI Discovery 
Lab®, professional digital multimeter, 
and logic probe. Like your computer 
system, they're all yours to keep as 
part of your training. You even get 
over $1,000 worth of software, 
including the popular WordStar 

and CalcStar. 


was 


Your NRI total systems training includes all of this * NRI Discovery Lab" to design 
and modify circuits * Four-function digital multimeter with 

* Digital logic probe for visual examination of computer 
keyboard and 360K double-density, double-sided disk drive 


aio cassette training 
Sanyo 550 Series computer wit 


ligh-resolution monochrome monitor expansion 


module to give you powerful 256K memory « 120 CPS dot matrix printer with nearletter-quality mode » EasyWriter |, 
WordStar, CalcStar bundled software + Reference manuals, schematics, and bite-sized lessons. 


Send for 
100-page 

free catalog 
Send the post-paid 
reply card today for 
NRI's 100-page full 
color catalog, with 
all the facts about 
computer training. 
Read detailed 
descriptions of each 
lesson, each experiment you 
perform. See each piece of 
hands-on equipment you'll 
work with and keep. And 
check out NRI training in other 
high-tech fields such as Robotics, 
Data Communications, TV/ 
Audio/Video Servicing, and more. 


Mail the postage-paid card today, 


and see how NRI can prepare you for 
advancement and new careers in the 
exciting world of electronics. If the 
card has been used, write to NRI 
Schools, 3939 Wisconsin Ave., 
Washington, D.C. 20016. 


NRI is the only home study 
school that trains you as 
you assemble a top-brand 
microcomputer. After 
building your own logic 
probe, you'll assemble the 
"intelligent" keyboard. 


then install 

the computer 

wer supply, 
Checking all 
the circuits 
and connec- 
tions with 
NRI's Digital 
Multimeter. 
From there, 
you'll move on 
to install the 
disk drive and 
monitor. 


AFF E... 


McGraw-Hill Continuing Education Center 


3939 Wisconsin Avenue, NW 


We! ll Give You Tomorrow. 


IBM is a Rey 
Business M 


Trademark of International. 
e Corporation. 


Electronics Newsfront continued 


blocker uses a microprocessor that’s 
programmed with artificial intelli- 
gence to sample incoming sound. The 
blocker filters and reduces unwanted 
sounds, such as cafeteria noise or 
cocktail-party babble, but allows 
normal speech to pass through. At pre- 
liminary tests conducted at the Siegel 
Institute at Michael Reese Hospital in 
Chicago, hearing-impaired wearers of 
the device showed a 25-percent im- 
provement in sentence intelligibility. 
The blocker adds about $300 to the 
price of a conventional hearing aid, 
says its maker, Intellitech, 900 Skokie 
Blvd., Northbrook, Ill. 60062. 


Laser TV 


Move the couch, shift the chairs, and, 
oh yes, tear down that wall. Now 
you're ready for the Spectrolight pro- 
jection TV. In normal room lighting, 
it produces a color video picture that's 
up to 50 feet wide. The picture is pro- 
duced by red, green, and blue laser 
beams that first pass through a mod- 
ulating crystal to obtain the correct 
hue and intensity. Then a rotating 
mirror scans the light to produce con- 
secutive lines that are compatible with 


conventional video signals. Finally, the 
lines are focused on an oscillating mir- 
ror that projects the image. The sys- 
tem works with any standard video 
signal (VCRs, tuners, computers), 
claims maker Dwight Cavendish Dis- 
plays (Unit 5, Bydand Lane, Little 
Paxton, St Neots PE19 4ES, England). 
Besides the additional space in your 
living room, it has other requirements, 
however: It must be water-cooled (4.75 
gallons per minute), and it uses 28 
kilowatts of power. 


Quick looks 


* Compaq is the first personal-com- 
puter company to use Intel's new 
80386, a high-speed, 32-bit micropro- 
cessor. The new machine, called the 
Deskpro 386, runs software up to three 
times faster than the newest comput- 


ers that use the speedy—but now | 


older—80286 chip, and it can access 
up to 130 megabytes (M) of disk stor- 
age in 19 milliseconds or less. A model 
40, with a 40M hard-disk drive, is 


$6,449; model 130, with a 130M hard- | 


disk drive, is $8,799. IBM has just 
introduced a new version of its XT 


hard-disk model. It uses the 80286 


Spectrolight projection TV use 


microprocessor, a 20M hard disk, and 
a 1.2M floppy. The price for the XT 
Model 286 is $3,995. 

* Nikon has joined ranks in the 8-mm 
camcorder camp. Its $1,850 VN-800 
Action-8 weighs 3.3 pounds with bat- 
tery and built-in playback unit. W5) 


The *CHAMP" Drill; Tool; & Bench Grinder 


UNEQUALLED IN VERSATILITY DUE TO INTERCHANGEABLE ATTACHMENTS 


The *CHAMP'S" Tool Table in Fig. A grinds all degrees of right or left angles on angular stock, square, rectangular, hexagonal, 
etc. The 2"x2" square cube in Fig. B offers some idea of large size work pieces the “CHAMP” grinds in addition to thread cutting 
tools, cut off bits, roughing bits, inserts, finishing bits, chisels, screw drivers, shears, plane blades, wood-working tools & etc. The 
Table has left & right horizontal scales (90? thru 20°) & a vertical scale, permiting the Table to shift up or down for unlimited left 
or right, straight or compound grinding angles. The table is ideal for prototype work. 

The interchangeable “V” Bed in Fig. C is adjustable to an unlimited range of angles for sharpening wood turning tools, center 
punches, hole punches, and etc. The bed's length offers support for long workpieces and being “V” shaped with 90? walls, it ac- 
comodates all shapes of metal such as hexagonal square, angular and etc. The oscillating system sweeps a workpiece back and 
forth across the rim, permitting the CHAMP to grind a workpiece over 3" wide. With the wheel's flat rim; oscillating system; and 
“V” bed, the “CHAMP” is UNEQUALLED even by the biggest of pedestal grinders. 

Fig. D attachment sharpens drills from 1/16" to 17" utilizing our patented & the world's only Dual Bed Concept, GUARANTEE- 
ING accuracy that equals top quality new drills. The “CHAMP” is ideal for hobbyists on restricted budgets since they can limit 
purchases to an attachment needed most & expand as the budget permits. The Drill Sharpening Attachment is also available with 
brackets for adaptation to conventional bench or pedestal grinders. Detailed information on other attachments and prices is available. 
MADE IN USA — BUY AMERICAN AND STOP THE DEVASTATING DRAIN OF AMERICAN JOBS TO ENSLAVED & COMMUNISTIC NATIONS 


€T Machinery. 3136 Federal Ave., El Paso, Texas 79930 — 915/565-2868 
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Qa. Computers and Communications 


The best brains 
intelevision. 


Buildin thro look at our 26" square picture. fastest running back in his t 
takes brair nputer brains of IC You'll see richer color, more contrast, It shoul surprise any 
he analog workings of more resolution, and more picture than company behind this surprising ne 

ever before* With aVCR connect NEC. We're at the forefront of computers, 
NEC's digital Picture-in- Picture lets you monitors, and broadcast video. And that 

picture in digital form watch two shows at the same time on takes real brains. 

can be raised to jher e ame screen. And o y 

NEC Digital 


“Say, Smokey—” 


A clinic on cars by Smokey Yunick, 
America’s most famous mechanic 


Knocking Citations 


Ive been driving company-owned 
Chevrolet Citations since 1979. Two 
have been V6 models; the other two, 
four-cylinder cars. All of these cars 
have knocked excessively at 55-to- 
60-mph highway speeds. The knock 
decreases the more the throttle is 
opened. I’ve had the electrical systems 
checked out many times. The only sig- 
nificant abnormality was on the 1983 
four-cylinder car, which had a distrib- 
utor that wobbled enough to cause a 
4'\4-degree timing difference between 
cylinders. In all four of these cars the 
practical solution was to run premium 
fuel, which solved the problem. How- 
ever, I’m about to buy the 1985 V6 
Citation from the company, and would 
like to get it fixed so it will run well 
on regular fuel. What’s the solution? 

Everett B. Miller III 

New Canaan, Conn. 


Spark knock is usually caused by one 
of these conditions: ignition timing too 
advanced; too much carburetor air 
heat; too-lean fuel mixture; a bad 
exhaust-gas recirculation (EGR) valve; 
or fuel with too low an octane rating. 
I suspect that the problems in the later- 
model cars are related to the engine 
computer's control chip, which may be 
giving too much advance at low throt- 
tle openings. If this problem were 
caused by poor fuel or a lean fuel-air 
mixture, it would get worse at wider 
throttle openings, not better. I suggest 
you talk to a Chevrolet service manager 
and find out if any service bulletins 
have been issued that spell out a fix. 


Slow starter 


I have a 1980 Datsun 210 with only 
23,000 miles on it. When I first start 
the car, it catches and runs right away. 
But after the engine is warm, it takes 
several tries to get the engine to start, 
and the starter motor seems to drag. 
I have replaced the starter, battery, 
cables, and flywheel. What else could 
it be? 

Peter DeCaro, Brooklyn, N.Y. 


Have the starter checked for current 
draw when the engine is hot; I would 
expect it to be very high. Also check 
the condition of the starter solenoid. If 


neither the starter nor the solenoid has 
any electrical faults, I suspect exhaust 
heat is getting to one or both of these 
components. In this case put a heat baf- 
fle between the starter and the exhaust- 
heat source, and install a length of 
flexible duct to bring in some cooling 
air. Another cause for hard cranking 
is a worn camshaft drive. This can re- 
tard cam timing and raise compres- 
sion, making the starter's job harder. 


Lazy heater 


I have a 1979 Mercury Capri V6, 
which I drive 12 miles to work each 
day. When it's zero degrees or colder 
outside, the heater doesn't warm up 
until I arrive. Once the engine has fi- 
nally warmed up, I've got plenty of 
warmth from the heater. How can I 
get it to warm up quicker so I can get 
some heat inside? The thermostat and 
heater look OK. 

Norman Paskey, DeForest, Wis. 


Many heater problems are caused by 
air in the coolant circuit. Check this, 
and bleed the system if necessary. Be 
sure the heater is plumbed so the 
radiator-bypass coolant runs through 
the heater when the thermostat is 
closed. This way, coolant circulates 
through the heater as the engine is 
warming up. Feel the heater core and 
radiator core as the engine warms up; 
the heater core should get hot first. 
Also, double-check to be sure you have 
the correct thermostat and that it does- 
n't open below 180 degrees F. See that 
the water-expansion tank and radia- 
tor cap are plumbed right and in good 
condition. If all else fails, you can con- 
sider blocking off part of the radiator 
air-intake duct in cold weather, but 
don't overdo it. 


New Olds diesel 


In 1983, General Motors replaced my 
Oldsmobile Toronado 5.7-liter diesel 
engine with what they called "The all- 
new GM Goodwrench 350 diesel" Can 
you tell me why the 350 diesel is con- 
sidered to be an improvement over the 
earlier 5.7-liter engine? Also, do you 
have any information as to whether 
GM is still producing the 350 diesel, 
and what future plans GM might have 
for the engine? I have indications that 


spare parts are becoming difficult to 
obtain from dealers. 
Marvin P. Lahr, Middletown, R.I. 


1 don't know of any major improve- 
ments in later-model engines, but run- 
ning changes were made to increase 
reliability by redesigning troublesome 
components. As far as I know, the en- 
gine has no future. This motor will not 
be a candidate for the engine hall of 
fame. 


Uneven tire wear 


The Goodyear VR-60 Gatorback tires 
on the front of my 1985 Mustang GT 
are wearing on the outside edges. The 
alignment was checked, and all the 
readings were within specs. I have 
been told this is normal for this car. I 
was also told not to rotate these tires 
because it would upset the wheel 
balance. 
P. Turel, Petty Officer 1st Class 
USS Enterprise 
San Francisco, Calif. 


Regardless of what you've been told, if 
the outside of the front tires is wear- 
ing, you have a problem with either 
too much camber or too much toe-in. 
Toe-in is easy to correct. If camber is 
the cause, adjustment may involve 
bending or replacing parts. About ro- 
tating the tires: You probably shouldn't 
crisscross them, but you can swap the 
front and rear tires on the same side. 


Gearing to tow 


I own a 1984 Pontiac with a 305-cubic- 
inch engine and an automatic trans- 
mission driving through a 2.41:1 rear 
axle. I want to evaluate the risk I 
would be taking if I were to pull a 
2,675-pound travel trailer. The Gen- 
eral Motors regional office says that 
a trailer should not be pulled with this 
rear-axle ratio. They recommend a 
3.23:1 rear end. 

Roy Bottomley, Cobourg, Ont. 


The gearing is too high to pull the 
trailer. If you try to get this heavy mass 
in motion with a 2.41:1 gear ratio, the 
transmission is going to slip, slide, 
get hot—and you'll cook it. If you 
want to pull a trailer, put in a lower- 
geared rear axle along with heavy-duty 
springs, shocks, brake linings, sway 
bar, and transmission cooler. Drive 
conservatively, and don't spend too 
much time in the mountains. 


Got a car problem? Send it to "Say, Smokey," PoPutar 
Science, 380 Madison Ave., New York, N.Y. 10017. All let- 


ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can 
not reply to letters not selected for publication. 
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We'll pay you to take 
the most exciting classes anywhere. 


You'll learn electronics, avionics, aircraft Whatever your goals, the Air Force will 
maintenance, health care sciences, man- equip you with the skills to get where you 
agement or logistics—the Air Force will want to be. 
train you in one of more than 200 technical If you're looking seriously into your 
specialties America needs today. future, Aim High to a future in the Air Force. 

You'll get hands-on experience with the Visit your Air Force recruiter today or call 
latest equipment, and we'll pay 75% of your toll-free 1-800-423-USAF 
tuition for off-duty college courses, to get (in California 
you even further. 1-800-232-USAF). 2m. 


Four-wheel-drive wagons promise passenger-car comfort, excellent load capac- 
ity, and go-anywhere utility. Can Plymouth Colt Vista, Nissan Stanza, Toyota 
Tercel SR5, and Subaru GL-10 live up to these claims? 


By JACK KEEBLER 
Photos by Greg Sharko 


ail vans, Jeeps, armored per- 
M sonnel carriers—and mini- 
wagons—are, aesthetically at 
least, the clowns of the motoring 
world. Brochures that describe these 
styling Bozos don't attempt to draw 
attention to eye-pleasing lines or 
gracefully streamlined bodies. To their 
designers, form takes a back seat to 
function. 
Although their utility is obvious 
from their small—but tall—form, 
what's not obvious is the ability of 
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each of these mini-wagons to function 
in a four-wheel-drive mode. That 
means that muddy, sandy, or snowy 
roads don't stand in the way of family 
travel plans. And because these four- 
wheeling systems are so easy to oper- 
ate, the PS test drivers found them- 
selves using them even in light rain 
for the feeling of extra stability. 

PS subjected the Stanza, Mitsubishi- 
made Vista, GL-10, and Tercel four- 
wheel-drives to the standard battery 
of instrumented acceleration, braking, 
handling, maneuverability, and noise- 
level tests. (Honda's Civic was in the 
midst of a model change and was not 


available for testing.) They were then 
driven for thousands of miles on high- 
ways and city streets to find out how 
each works as a family transport tool. 


Subaru GL-10 4WD 


The most unusual—and powerful— 
engine in the test was the Subaru's 
horizontally opposed four. Featuring 
a turbocharger, multipoint fuel injec- 
tion, and an aluminum block and 
head, the 1.8-liter engine easily ran 
away with the top marks in the ac- 
celeration tests. Matched with a 
smooth-shifting five-speed manual and 
a four-wheel-drive system activated by 


the push of a button, the 1.8 passed 
slower traffic with ease and pulled up 
the steepest grades in top gear. 
After feeling the engine's extra 
thrust and noticing that the GL-10 
was the only model with four-wheel 
disc brakes, I expected short stops 
from the Subaru. But it was not an 
impressive stopper (see test results). 
The Subaru was, however, an im- 
pressive handler, with its more nor- 
mal relationship between overall 
height and width than the other 
wagons. Not only did it nail down the 
quickest, flattest pass through the 
high-speed test—it also felt best out 
on the street where all the other wag- 
ons rolled badly around corners. 
Although its body was well bal- 
anced, the Subaru's instruments were 
awkward. The electronic instrument 
graphics are poorly projected on the 


instrument face and don't allow the 
quick read that good instrumentation 
should provide 


Toyota Tercel SR5 4WD 


The Toyota Tercel wagon seemed to 
be tightly screwed together, with sim- 
plicity and ease of use important de- 
sign factors. In fact, unlike the heavily 
optioned Subaru, the only toy on the 
SR5 was an electric sun roof. 

Although the Toyota was the only 
vehicle without push-button four- 
wheel-drive engagement, calling the 
normally front-driven vehicle's rear 
wheels into action was easy: Just 
gently tug back on the short lever be- 
hind the stick shift, and a green indi- 
cator notifies you that the four-wheel 
drive is engaged. 

The 1.4-liter engine in the Toyota 
is a hard-working little power plant— 


x 


Four-wheeling wagons (counterclock- 
wise from above): Plymouth Colt Vista, 
Nissan Stanza, Toyota Tercel SR5, and 
Subaru GL-10, all with four-wheel trac- 
tion, motor to the water's edge or the 
trail's end. The soft soil and steep 
grades at Pennings' Apple Orchard in 
Warwick, N.Y., were a cinch. 


but it isn't enough. Its lack of guts is 
evident from the acceleration tests. 
Out on a rolling roadway, this lack of 
muscle manifests itself as a constant 
need to downshift and upshift. Perhaps 
understanding that owners would be 
calling on the shifter frequently, 
Toyota installed one of the easiest- 
shifting transmissions in this vehicle 
class. And with four-wheel drive en- 
gaged, SR5 owners can even select a 

sixth, extra-low gear. 
Another important performance 
Continued 
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Nissan Stanza's wide pillar-less doors 
(right) made entering and exiting 
easy—but the spare tire bolted to the 
center of the cargo floor made loading 
and unloading awkward. Test comput- 
er's electrical leads are attached under 
the Plymouth Colt Vista's hood (below). 


ACCELERATION 0—60 (sec.) BRAKING 60-0 (ft.) 


NISSAN STANZA 


PLYMOUTH COLT VISTA 


SUBARU GL-10 


TOYOTA TERCEL SRS 
0 5 10 15 


NISSAN STANZA 


SUBARU GL-10 


TOYOTA TERCEL SR5 
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HANDLING (mph) MANEUVERABILITY (mph) 


NISSAN STANZA 


Eu. c 


PLYMOUTH COLT VISTA 
SUBARU GL-10 


TOYOTA TERCEL SR5 
50 55 60 65 70 75 
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NISSAN STANZA 


PLYMOUTH COLT VISTA 


' 


SUBARU GL-10 


35 


40 


area in which the Tercel lacks mus- 
cle is braking. Despite being the light- 
est member of this group, the SR5 had 
the longest stopping distances. And 
keep in mind that these numbers were 
posted with just a driver, an observer, 
and 30 pounds of equipment. A full 
complement of passengers and all 
their gear would obviously tax the 
brakes even further. 

Taking a long trip on poor roads 
would probably tax passengers as well. 
The Tercel has one of the hardest rides 
I've experienced outside the Jeep and 
sport-utility market. And although the 
SR5 seats are comfortable, they do lit- 
tle to conceal the harsh ride. 


Plymouth Colt Vista 4WD 


Unlike the Tercel, the Vista offered 
a smooth ride comparable with that 
in a large front-drive sedan. 

One of the most important conve- 
nience features of the Vista is its 
bounty of interior space. It offers 
seven-passenger seating with optional 
rear jump seats and 80 cubic feet of 
load space. Another nice feature on 
the Vista was a roof rack. 

Drivers were surprised at the 
ease with which the Vista's four-wheel 
drive was engaged. There are no hub 
locks to spin or balky levers to throw. 
And because engaging the system was 
as easy as pushing the button on top 
of the shift lever, I found myself using 
it even during a light drizzle because 
the vehicle seemed to cut cleaner, more 
stable arcs in the four-wheel mode. 

The transmission's shifter was not 
as easy to operate as the four-wheeling 
button, however. It refused to be hur- 
ried through the gears. Trying to shift 
fast bound the shifter in the gate. 


Nissan Stanza Wagon 4WD 


The feature that made the Nissan 
a standout in this crowd of similar- 
appearing models was its dual slid- 
ing doors. Unlike most vans that have 
a single sliding door on one side, the 
Nissan wagon has a sliding passen- 
ger entrance on both sides. 
Continued 


INTRODUCING REAL LEAD. 
THE ONLY VALVE LUBRICANT 
THAT'S 104 * CALIBER. 


f your engine is designed to run on leaded fuel, you're really 
biting the bullet. 
Because the lead content of regular gas has dropped 91% in 
the past year. 9196. 
And that's simply not enough lead to protect the engine in 
your car, truck, outboard or inboard boat, farm or heavy indus- 
trial equipment. 
UE That's important to know. Because 
EXH s be without lead lubrication, heavy loads 
and high rpms can actually destroy 
engine exhaust valve seats in as little 
as 5,000 miles (50 operating hours 
in boats). 
And theres nothing to prevent it. 
So what's the solution? Lead substi- 
tutes are just that: substitutes. Lead is 
EXHAUST VALVE what your engine was designed to work 
RECESSION with. And lead protection is what your 
engine was meant to have. 
There's only one real solution: 104 + 
; REAL LEAD. 

Genuine lead protection. From the 
world's No. 1 brand of quality fuel 
additives. 

104-- REAL LEAD adds the 
minimum equivalent of 11 gram of genuine tetraethyl lead to 
every gallon of gas. To form a protective coating on exhaust 
valves and seats, preventing the metal-to-metal contact that 
can cause serious — and expensive — valve damage. 

What's more, REAL LEAD lowers exhaust emissions. Inhibits 
rust and corrosion. And makes your engine run smoother. 

So pump your engine full of 
REAL LEAD. 

The only valve lubricant that's 
104- caliber. NET 32 FLU 0s NSE 


ORDER DIRECT: 

Belt Buckle 

104+ logo in gleaming solid bronze. 
For belts up to 2” wide. 

$7.50 each. 


OCTANE BOOST CORP. 
Box 271148 
Dallas, TX 75227 


REAL LEAD is a trademark of the Octane Boost Corporation. 


4WD mini-wagons continued 


When you specify the push-button 
four-wheel-drive system, you also get 
bigger ventilated front discs. These are 
obviously effective. Stanza easily stole 
top honors in the brake lane. 

The vehicle height plus the on-a- 
pedestal seating makes the view for- 
ward terrific. But the height relation- 
ship between the pedals and the seat 
cushion made driving in traffic tiring 
for me. Passengers that are sunshine 
fanatics can get all they want with 
the optional sun roof. In fact, they may 
get more than they want with the tall 
windows. Even on cool days, I found 
it necessary to flip the air conditioner 
on and off to keep the cabin tempera- 
ture comfortable. This was a problem 
—albeit a lesser one—in the other 
tall wagons. My advice: Specify tinted 
windows. 

The Nissan's power train is a good 
one. The port fuel-injection four- 
cylinder pulls strongly and idles 
smoothly. This engine is coupled to a 
low-effort five-speed manual that's fun 
to throw when traffic opens up. 


Author's pick 


If it weren't for its relatively high 
price, the Subaru would be my favor- 
ite. All things considered—including 
price—the Vista’s extra seats, smooth 
ride, and big-wagon load capability 
make it my choice. 


View from the driver’s seat 


It's said that the philosopher Diogenes once 
roamed the streets with a lantern, searching 
for an honest man. Too bad he wasn't look- 
ing for an honest car. He could have cast his 
light on this test group, then gone home for 
a good night's sleep. 

Unlike some four-wheeled fantasy ma- 
chines, the wagons in this group deliver ex- 
actly what they promise—utility, comfort, 
economy, and value, And because each is very 
different from the others, buyers have a real 
choice. 

1 found the heavily optioned Subaru a bit 
overdressed, but a more modest version is 
available for the asking. The Tercel, on the 
other hand, was almost painfully austere, 
though it had the competence and quality that 
seem part of every Toyota. 

The tall, boxy Stanza was roomy and quick, 
but it bounded like an antelope on bumpy 
city streets. And the giant spare tire in the 
middle of the load floor meant that even gro- 
cery bags had to be tucked into the corners. 

The Mitsubishi-built Plymouth Vista, with 
its third seat, was the best people carrier. 
And though its multitude of latches could 
frustrate even a safecracker, the third seat 
eventually folded forward, leaving a large, un- 
cluttered load area. The driving position was 
comfortable, dri view was excellent, and 
the ride was surprisingly good. 

You can’t go far wrong with any of these 
four. But buyers searching for a go-anywhere 
wagon should shine their lantern first into a 
Plymouth showroom.—Tom Wilkinson 
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Acceleration (sec.) 

0-30 mph 44 44 40 54 

0-60 mph 15.1 15.1 13.3 19.6 
Brake test 60—0 mph 

Stopping distance (ft.) 168 189 186 192 

Pedal pressure, cold (Ibs.) 

(0.5-G stop) 22 12 9 12 

Pedal pressure, hot (Ibs.) 

(0.5-G stop) 23 25 i 20 
Handling test (mph) 64.9 62.3 65.0 64.4 
Maneuverability test (mph) 29.8 29.4 27.4 29.5 
Interior noise (dBA) 

At idle 56 47 49 55 

At 60 mph 70 72 68 73 
EPA FUEL MILEAGE (mpg) 

Highway 23 25 27 32 
City 19 19 23 27 
Dimensions and specs 
DIMENSIONS (inches) 
Wheelbase 99.4 103.5 97.0 92.1 
Overall length 166.4 174.6 173.6 169.7 
Overall width 65.6 64.6 65.4 63.6 
Overall height 65.9 59.5 56.1 57.1 
SPECIFICATIONS 
Engine type In-line 4 Incline 4 Opposed turbo 4 | In-line 4 
Displacement (cu. in. liters) 120/2.0 122/2.0 109/1.8 89/145 
Compression ratio 8.51 851 734 90:1 
Induction. EFI 2-bbl EFI 2-bbl 
Net horsepower «rpm 97 Ww 5,200 88 u 5,000 110 w 4,800 |46 « 4,800 
Net torque (Ib.-ft.) ( rpm 114 2,800 |108 3,500 |134 2,800 
Transmission S-speed manual |5-speed manual | 5-speed manual 
Final drive ratio 447 3n 3.70 
Steering. Power, rack Power, rack Power, rack 
and pinion and pinion and pinion 
Turn diameter (ft. na 348 34.8 
Front suspension Independent, Independent, Independent, 
MacPherson struts | strut type MacPherson struts 
with coil springs i with coil springs 
Rear suspension Independent, Independent, 
trailing arm with semi-trailing arm 
torsion beam with coil 
Brakes Disc-drum Disc-dise 
Curb weight (Ibs.) 3,080 2,695 
F/R weight distribution (%) na^ 53/47 
Fuel tank (gal.) 132 159 
| Trunk volume (cu. ft.) a i 34.5 
Base price 449 $11,199 $14,078 
Price as tested $13,959! $13,470? $15,138? 
* Not available at press time 
** With rear seat folded 
Major options (over $100): "A/C $750, sun roof $550; *A/C $680, AM/FM stereo $199, two-tone paint $196, limited- 
| slip differential $167; “alloy wheels $509, Elite cassette $311, roof rack $129; “A/C $705, sun roof $460, alloy 
wheels $335, power steering $230, cruise control $185, cassette $175 
Parts and service 
PART PRICES 
Part prices are manufacturers’ suggested retail, rounded off to the nearest dollar 
Brake pads, front. sal $73 $35 $ 25 
Brake pads/linings, rear 28 10 40 17 
Front shock/strut insert 118 125 232 101 
Alternator : 150 375 432 169 
Fuel pump — 182 50 230 40 
Ignition module 183 344 360 138 
Grille 153 107 n 63 
Front bumper 174 260 133 120 
Windshield 439 264 296 180 
Taillight lens 62 n 45 56 
PS serviceability ratings 
| Checking oil level 5 5 4 4 
| Checking coolant level 5 5 5 5 
Adding oil 5 5 5 5 
Changing oil filter 3 2 5 5 
Changing spark plugs 5 5 3 5 
Changing belts 3 2 3 3 
Changing radiator hoses. 4 4 4 3 
Changing heater hoses 4 5 3 3 
Checking fuses 4 3 4 4 
Spare-tire access 5 3 4 5 
(Ease of service: 5=excellent, 1=poor) 
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Scientific study ranks 


Nordic rack 74 


QJ The Rank in Order of Exercise Efficiency: 
PIT 1. NordicTrack 
i XS Champion ; 2. An Exercise bike 

: T ~ 
Rae iets A Rowing machine e 
i 4. A Shuffle type ski exerciser 
} | Scientific abstract available upon request 
t All Exercise Devices Were Tested 4 Times: 


at 3 different heart rates and at maximum work. 
Tests Measured: 
Volume of oxygen consumed which indicates calories burned. 
Data was scientifically analyzed at the University Human 
Performance Laboratory. 
Results: 
On all 4 tests, NordicTrack burned more calories and yielded 
significantly greater cardiorespiratory workouts. 


NordicTrack Pro 
With Adjustable s 
Elevated Legs a 


s 
It’s Only Logical that NordicTrack Would Get the Highest Scores 


because NordicTrack is more complete than an Exercise Bike. 


NordicTrack adds important upper body exercise. 

NordicTrack provides more uniform leg muscle usage. 

Higher pulse rates, necessary for building fitness, seem easier to attain because 
more muscles share the exercise. 


because NordicTrack provides more thorough exercise than a Rowing Machine. 


Standing position involves more muscle mass than sitting position. 

NordicTrack uses large muscles of buttocks, thighs and calves to simultaneously 
bear body weight and work against resistance. 

NordicTrack resistance is proportioned to individual muscle strength. 
Stronger legs use greater resistance. 
Arm resistance can be set at ibe setting separately. 

NordicTrack is safer — no high back strain loads are imposed. 


because NordicTrack has inertial resistance not available on a Shuffle-Type Ski Exerciser. 
Flywheel provides life-like feeling; Smooth, Continuous. 
Other “ski” exercisers without flywheels use only frictional resistance. 
Result is stop-start calisthenics-like feeling. 
NordicTrack’s clutch system allows true ski striding motion. 
Other ski exercisers require less efficient shuffling motion. 


Burns Up to 600 Calories per 20 Minute Workout. 


For effective weight control. Free Brochure, Call " : 
1-800-328-5888 "7 = 
N ordicjrack Minnesota 612-448-6987 3 


SRST 141PS Jonathan Blvd. North, Chaska, MN 55318 


BY DAWN STOVER 


products/technology 


a 
Double chute 


At low ejection speeds, the 
auxiliary Webb chute in this 
Air Force duo pops open and 
directs air into the main can- 
opy. To prevent damage at 
high speeds, the small chute 
draws the suspension lines 
inward, and rushing air opens 
pores in the big parachute’s 
stretch fabric. 


4 Chemical cleanups 


Don’t cry over spilled acids 
and solvents. Open a poly- 
ethylene SpilBAG and grab 
a few Spill Control Pillows. 
Each of the 12 pillows in a 
large SpilBAG ($85) absorbs 
a gallon of liquid. Store used 
pillows in the bag temporar- 
ily. Lab Safety Supply, Box 
1368, Janesville, Wis. 53547. 
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o 
Alarm ball 


You'll be on time for the World 
Series with “Off the Wall," 
an alarm clock stitched in- 
side a softball. To turn off 
the alarm, you heave it at a 
wall. The ball is soft, so it 
won't damage the paint. $30. 
M. A. Bedol Catalogue, 1768 
Fillmore Dr., Monterey Park, 
Calif. 91754. 


4 Ski savers 


Keep baggage handlers from 
scratching your skis with 
the Ski Tube, made of ABS 
plastic. It holds one pair of 
skis and poles, plus mittens 
and socks. The lockable tube 
($109) can also be mounted 
to your car to protect skis 
from road salt. Sport Tube, 
Box 1, Taneytown, Md. 21787. 


a 


X-wing tester 

X marks the spot: It’s a rotor 
and a wing. NASA and Sikor- 
sky Aircraft engineers who 
designed the plane hope 
that, with its X-wing 

the aircraft will be able to 
hover and fly at low speeds 
like a copter. Once the plane 
gains speed, the rotor be- 
comes a fixed wing. 


Spy pod 


With General Dynamics’ 
aerial reconnaissance pod, 
intelligence photos can be 
recorded and edited in flight, 
and transmitted to ground 
stations almost instantly. The 
15-ft. pod, mounted to an Air 
Force F-16D fighter, carries 
digital video-recording and 
data-link gear. 


Car stacker 


Store four cars on the ground 
space of one. Drive onto a 
twin-rail pallet, and lock the 
car. Then hoist the pallet 
onto Cantipark’s cantilever 
arms. Drip trays shield cars 
below. Car Movement Sys- 
tems, Station Approach, 
Four Marks, Alton, Hants 
GU34 5HN, England. 


Stable two-seater 


The forward wings of the 
SC01 Speed Canard stall be- 
fore the main wings, avert- 
ing a full stall or spin. With 
a 116-hp engine, SC01 cruises 
at 145 knots and flies from 
London to Frankfurt and 
back on one tank. Gyroflug, 
Flugplatz, D-7570, Baden- 
Baden, W. Germany. 


Compact runabout ) 


Get up to 70 mpg with this 
three-wheeled two-seater 
made of fiberglass, says the 
maker. A 16-hp engine chain- 
drives the rear wheel. Add- 
ons to the $4,490 Minikin 
include towing gear and a 
cargo carrier. D & A Vehi- 
cles, 606 N.E. Lincoln Ave., 
St. Cloud, Minn. 56301. 
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What's New 
for Your Car 


BY JACK KEEBLER 


Soft bed cover 


This heavy-gauge polyester- 
vinyl tonneau cover attaches 
to aluminum rails that clip 
onto the truck, requiring no 
drilling or adhesive. When 
not in use, Tough Tonneau 
($248) rolls up and stores be- 
hind the seat. Extang Corp., 
2292 S. Industrial Hwy., Ann 
Arbor, Mich. 48104. 


€ 
Digital analyzer 


Digital readouts provide in- 
formation on rpm, dwell, 
resistance, and voltage. An 
audible continuity tone lets 
you test a circuit without 
looking at the meter. Multim- 
eter Plus is made by OTC 
Div., Sealed Power Corp. 
(655 Eisenhower Dr., Owa- 
tonna, Minn. 55060). $140. 


4 Easy jump 


The outside connector of the 
$60 Safe-T-Connect booster 
allows a vehicle to be jump- 
started with the hood closed. 
Keyed connectors prevent 
polarity mismatch, and the 
cable fits top or side post 
batteries. Systems Material 
Handling Co., 15785 S. Kee- 
ler Ter., Olathe, Kan. 66062. 


FEHLER EET 21 


Synthetic lube 


Mobil has added three new 
lubricants to its line. Joining 
Mobil 1 oil are Synthetic 
Gear Lubricant, Synthetic 
Universal Grease, and Syn- 
thetic Universal ATF (auto- 
matic transmission fluid). 
Prices: $5.95 a qt., $3.95 per 
14-oz. tube, and $3.95 a qt., 
respectively. 
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c 
Cordless car light 


Designed to be mounted on 
the dash or console, this 12- 
V light (model 9506) from 
Black & Decker is recharged 
from the vehicle's battery. 
A red indicator on the $20 
CarLite’s housing shows that 
the unit is correctly attached 
and is charging on the base. 


16 Soapy solution 


Winter or summer, a cen- 
trally installed car wash for 
the home makes it easy to 
keep the rolling hardware 
clean. Its 3-hp pump deliv- 
ers 3.5 gal./min. of hot soapy 
or clear rinse water at 1,200 
psi. LeSheen Corp., 6810 N. 
Broadway, Denver, Colo. 
80221. Price: $795-$1,895. 


M | 


News for those 
who take their fun 
seriously. 


If youtake yourfun seri- 
ously, you'll be pleased 
to know that we feel the 
same way about building 
trucks. And to prove it, 
we proudly introduce the 
al-new Mitsubishi Mighty 
Max pickup. 

This new Mitsubishi 
is more than just a com- 
pact truck. It's a new 
idea in trucks, patiently 
crafted to put fun and 
value back in the fun- 
damentals. 

Consider its vigorous 
new shape, aerodynamic 


contours and wide 
aggressive stance. 
Mighty Max is built to 
play as hard or easy as 
you like. With an efficient 
2.0-liter engine, a rugged 
double-wall cargo box, 
5-speed manual over- 
drive transmission and 
independent front sus- 
pension. Even power 
assist front disc brakes 
and radial tires are 
standard. 

And with Mighty Max, 
the fun isnt just on the 
outside. Inside you'll find 
an all-new interior 
ergonomically designed 


for functional efficiency 
and comfort: Including a 
roomy sport bench seat, 
headrests, full carpeting, 
tinted glass and a tilt 
steering column. 

The new Mitsubishi 
Mighty Max pickup. At 
$6289" it's serious fun 
for the money. 

Patiently engineered 
to let you carry it all... 
or just plain carry on. 


*Mirs. Suggested Retail Price. Taxes, license. freight 
options, other dealer charges extra. Rear bumper 
and bodyside molding optional 
Call 1-800-447-4700 for your nearest dealer. 


Mitsubishi. 


Perfecting the | 


MITSUBISHI 


Experience? 


NEE AW UNEEPOOHUTTY  NICAUX 


What's New 


in Home 
Improvement 


BY STEVEN ASHLEY 


c 
Insulating window 


Wes-Pine (Box 1157, West 
Hanover, Mass. 02339) says 
that its $300 Yankee Spirit 
colonial-style window has an 
R-value of 3.33. The weather- 
stripped pine-window unit's 
glass panes are surfaced 
with a tough pyrolytic low- 
emissivity coating that re- 
duces heat loss in the winter. 


—  —" 


Alarming walls 


Most BF Goodrich Co. Koro- 
seal wall coverings ($8 to $33 
per roll) will help give warn- 
ings of fires. When heated 
to 300 deg. F—below the ig- 
nition points of most room 
materials—they release an 
odorless, colorless, harmless 
vapor that sets off ionization- 
type smoke detectors. 


3 


Hinge hanger 


Organize towels and clothes 
behind any door with Hinge- 
It. The white epoxy-coated 
metal fixture mounts easily 
onto two- or three-hinged 
doors. The unit comes in 
two models. Maker: The Wire 
Co., 9100 Keystone Crossing, 
Suite 860, Indianapolis, Ind. 
46240. Price: $10. 


4 Clean, moist air 


Simultaneously moisten and 
filter dry, dusty wintertime 
room air with the BT-3000 
air purifier/ultrasonic hu- 
midifier from Bionaire Corp. 
(565 A Commerce St., Frank- 
lin Lakes, N.J. 07417). The 
unit purifies air with electret 
and activated-carbon filters. 
It costs $449. 


34 | POPULAR SCIENCE 


Solar yard light 


Walklite is a solar-powered 
outdoor light fixture that 
eliminates the need for elec- 
trical wiring hookups and 
monthly utility costs, says 
Chronar Corp. (Box 177, 
Princeton, N.J. 08542). The 
6-in.-wide panel on model CH- 
6T powers an incandescent 
lamp for 5 hrs. per night. $50. 


“T MADE IT!” 
| e 


YOURS FOR ONLY -Bick 
BULDER” | 


: bá : 
N HOME, A. NO tees 7$ j 


Z 
plus postage and handling. G 


No other statement creates such a feel- 
ing of pride and accomplishment. And no 


other book makes building 

more than 150 projects your- oe "e p use, 

self as easy as BACKYARD a 

BUILDER. ^ 
You'll find detailed plans, C 

material lists, step-by-step TRY IT FREE 

instructions, easy-to-follow FOR 1 5 DAY 


illustrations and helpful 
trade secrets for... 
\ This extraordinary offer is our way of 
toties Buxi- — ; introducing you to RODALE'S PRACTICAL 


SEAT sar 


benches . . . window 
greenhouses... fences... 
wheelbarrows . . . trellis sys- HOMEOWNERS BOOK CLUB—the club 
that saves you up to 40% and more on 
some of the best books available for 


tems . . . bike racks . . . cabi- 
nets and cupboards... free %7- 


standing shelves . . . vegeta- your home. 
ble bins . . . and much, [1 You'll find a large selection of books on 
much more. E remodeling your home . . . growing a great 


— garden . . . energy options . . . building proj- 
Sew ects... landscaping . . . furniture refinish- 


- 
HOW TH E C eo \ sear Prane E ing...and much, much more. 
OQ———— 
CLUB WORKS: | Please send me a copy of BACKYARD BUILDER and en- 
ü roll me in RODALE'S PRACTICAL HOMEOWNERS BOOK 
As a member, you'll receive our Club a CLUB. I understand you'll bill me for only $1.95 plus 
Bulletin every four weeks. It includes a shipping. I agree to purchase two more books at special 
special Editors' Selection and a wide va- || club discounts during the coming year and may resign anytime after that. 
riety of books (up to 90!) covering ev- 
ery aspect of your home. H 
If you want to receive the Editors’ 
Selection, you don't have to do any- || 
thing—we'll ship it to you automati- 
cally. If, however, you want another se- | 
lection—or no books at all—we'll fol- 
low the instructions you check on the i SM M 
reply form provided with each Bulletin. | RODALE’S PRACTICAL HOMEOWNERS BOOK CLUB 
You never have to buy a book you don’t P.O. BOX 10627, DES MOINES, IA 50336 $9843 
want. Each book comes with a free L 
L RS 8 8 8 8 D NH ND D EM B | 


15-day examination. 
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NAME 


ADDRESS APT. 


What's New 
in Electronics 


BY WILLIAM J. HAWKINS 


Pocket phone 


Press a button, and the dis- 
play shows up to 99 stored 
phone numbers. Press an- 
other, and you call one of 
them. How? The 15-oz. unit 
is the world's smallest cellu- 
lar telephone, claims Walker 
Telecommunications Corp. 
(200 Oser Ave., Hauppauge, 
N.Y. 11788). Price: $3,300. 


Video combo 


It's a color TV with a built- 
in videocassette player—or 
vice versa. Made for on- 
the-go video presentations, 
Dukane's 22-Ib. Video Pro 7 
plays VHS cassettes on its 7- 
in. color monitor. Made by 
Dukane Corp. (2900 Dukane 
Dr., St. Charles, Ill. 60174), 
it's $1,000. 


> 


Thief shooter 


Attach up to eight video 
cameras to Sony’s Watch- 
Sensor, then wait. If some- 
one enters a camera’s field 
of view, WatchSensor takes 
up to 200 video snapshots 
and prints them on 2.75-by- 
3.5-in. paper. A built-in timer 
arms the system automati- 
cally. Price: $3,000. 


38 | POPULAR SCIENCE 


Word processor 


Keep typing... Smith Coro- 
na’s new Personal Word 
Processor (PWP) saves your 
work on a 3.5-in. floppy disk. 
The $599 PWP comes with a 
12-in. monitor (80-character- 
by-24-line display capacity) 
and key pad. Printing is 
done on an optional elec- 
tronic typewriter. 


ló Machine hygiene 


Clean 8-mm camcorder 
heads with the $20 head- 
cleaning cassette (left) from 
Angstrom Assoc. (210 Eighth 
St., Lewiston, N.Y. 14092). 
Brush off your CD player's 
laser lens with the $27 
Laser Lens Cleaner from Au- 
dioSource (1185 Chess Dr., 
Foster City, Calif. 94404). 


c 

High-note player 
The ADS Model 300 speaker 
comes with brackets for 
hanging anywhere. Inside, 
there's a 5'4-in. woofer and 
1-in. soft-dome tweeter. Out- 
side, it measures 8% by 5% 
by 4% in. ADS, 1 Progress 
Way, Wilmington, Mass. 
01887; $500 a pair. 


> 


Get The Message...with this fully reconditioned 

Phone-Mate® that's backed by a One-Year Limited 

Factory Warranty on Parts and Labor. It's liquida- 

tion priced at savings BELOW dealer cost! 

* Beeperless Remote". Retrieve messages 
from any TouchTone® phone without a 
beeper device. 

© Telephone. Pulse/Tone switchable. Can access 
long distance services in Tone mode. 

* 10 Number Auto-Dialer. Stores frequently 
called numbers for instant use. 

* Voice Activated. Records only when caller 
speaks. 

* Screens Calls. Know who's calling before 
answering the phone. 

* Dual Cassettes. Uses standard cassettes incl. 

* Compact. Only 3" H x 1172" Wx 11" D. Black 
color. FCC registered. U.L. listed. Model IQ2843. 


Original List: $219.95 9 
Liquidation Price . $ 7 


Item H-1824-7034. 


Beeperiess 
Remote™ 
Message 
Playback 


Due to an overstock, you can use these 
tough, lightweight covers ALL SEASON 
long. They wrap around your vehicle to 
guard against dirt, dust, frost, tree sap, etc. 
* Covers Are Rugged Nylon Taffeta. 
crylic Coating Resists Moisture, Rot. 
* Stretch Ends for Snug, Pull-Tight Fit. 
Measurements: Bumper to bumper. Allow 
10" to 15" extra length for 1-piece wrap- 


under bumpers, wagons or pre-1959 
cars. 


*Motorcycle cover measured over 
the windshield. 


SMALL 150"-165" 
Mfr. List: 569.95 $2 5 


Liquidation Price 
Item H-1824-4514-006 S/H: $3.50 


327 


Mfr. List: 379.95 
Liquidation Price.... 

Item H^1824-4514- 014 S/H: $3.50 
LARGE 181”-192” 
Mfr. List: 389.95 


Liquidation Price 
ltem H-1824-4514-022 S/H: $3.50 


Toll-Free: 1-800-328-060€ 


SEND ME THE ITEMS I HAVE LISTED BELOW 


Carry- 
case 
included 


X-LARGE 193"-210" 


Mfr. List: °99.95 


Liquidation rice 
Item H-1824-4514-055 S/H: $3.50 


JUMBO 211"-235" 
Mfr. List: 5109.95 $36 
Liquidation Price 

Item H-1824-4514-030 S/H: $3.50 
MOTORCYCLE 78"* 
wwues3995 $ 


Liquidation Price... . 
Item H-1824-4514-048 S/H: $3.50 


The importer of these air beds had an 
excess inventory. Special arrangements 
allow us to offer them to you at LOW 
liquidation prices. PVC vinyl, with a wash- 
able rayon flocked surface. 5" thick, when 
inflated. Great for home or camping use! 
TWIN SIZE: 


Mtr. List*49.95 
Liquidation Price 


Item H-1824-3543-121 S/H: $4.00 ea. 


FULL SIZE: $29 


Mfr. List®59.95 
Liquidation Price ... 
Item H-1824-5970-009 S/H: $5.00 ea. 
QUEEN SIZE: 
Mir. List*69.95 $39 
Liquidation Price .... 
Item H-1824-3543-139 S/H: $6.00 ea. 


Credit Card customers can order — [m = E 
by phone, 24 hrs. a day, 7 days a week. mE 5] 


Item H-1824 | 


C.O.M.B. Direct Marketing 


1405 Xenium Lane N Minneapolis, MN 55441-4494 
‘Send the items indicated at left (Minnesota residents add 6% sales tax. Sorry, no C.O.D.) 
O My check or money order is enclosed. (No delays in processing 
S/H orders paid by check) 
Charge: O VISA* O MasterCard. O American Express* 
] Acct No. Exp. 
PLEASE PRINT CLEARLY 
Name. 
| Address 
| | City. 
| | Sate E 
Phone 1 ) 


Sales outside 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 


Item No. # ltem | Price 


: 


TOTAL (Products plus ship, handling) | Sio Her 


C OMBI|COMB|COMBICOMBCOMBICOMBICOME| 


What's New 


in Tools 


BY V. ELAINE GILMORE 


c 

Strip fixer 
Here's a simple fix for screws 
and bolts that lose their grip. 
Form-A-Thread repair kit 
($5) is a two-part formula: 
An anaerobic adhesive cures 
in the screw hole, and a re- 
lease agent keeps it from 
bonding to the screw. Loctite 
Corp., 4450 Cranwood Ct., 
Cleveland, Ohio 44128. 


Collector's router 


To celebrate 80 years of mak- 
ing power tools—in Ameri- 
ca—Porter-Cable presents 
the American Classic router. 
A mirror-finish aluminum 
body and metal case make 
this %-hp router a collec- 
tor's item, says Porter- 
Cable Corp. (Box 2468, Jack- 
son, Tenn. 38302). It's $139. 
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Auto fence 
A special control called Jet- 
Lock automatically aligns 
the rip fence parallel to the 
blade on Delta's model 34- 
670 table saw. The 10-in. saw 
($348) has a 15-amp motor 
and cast-iron table that ex- 
pands to 22% by 38% in. Del- 
ta Intl., 246 Alpha Dr., Pitts- 
burgh, Pa. 15238. 


You can haul in wood by the 
armload, or you can save 
your back, arms—and three 
trips—by wheeling in the 
equivalent of about four arm- 
loads at a time on this sturdy 
tubular-steel caddy. Bi-Rite 
Steel & Fabrication Co. (2209 
Park Ave., Chico, Calif. 
95928) sells it for $32. 


4 Revamped table 


The Sears Craftsman router 
table ($68) has a cast-alum- 
inum top and single-piece 
fence of structural foam plas- 
tic. A pocket fence and re- 
tractable guard move into 
place for jointing. A special 
carriage holds work verti- 
cally. A hookup for a shop 
vacuum reduces the mess. 


Frustration reducer ùp 


The 1%-by-5-in. spout in this 
snap-on plastic paint-can lid 
simplifies pouring and brush 
dipping, claims Baltimore 
Brushes (1100 Pearl St., 
Brockton, Mass. 02401). It 
also keeps paint out of the 
can's groove. The $2 Paint- 
Keeper, for 1-gal. cans, is 
sold in stores. 


When I put on the pair of 
glasses what | saw | could 
not believe. Nor will you. 


By Joseph Sugarman 

Iam about to tell youa true story. If 
you believe me, you will be well reward- 
ed. If you don’t believe me, I will make 
it worth your while to change your mind. 
Let me explain. 

Lenisa friend of mine who hasaneye 
for good products. One day he called ex- 
cited about a pair of sunglasses he own- 
ed. “It’s so incredible," he said, “when 
you first look through a pair, you won't 
believe it.” 

“What will I see?" I asked. “What 
could be so incredible?” 

Len continued, **When you put on 
these glasses, your visionimproves. Ob- 

| jects appear sharper, more defined. 
| Everything takes on an enhanced 3-D ef- 
fect. Andit's not my imagination. I just 
want you to see for yourself.” 

When I received the sunglasses and 
put them on I couldn't believe my eyes. 
Ikepttakingthemoffand putting them 

, on to see if indeed what I was seeing 

| through the glasses was indeed actual- 

| ly sharper orif my imagination was play- 
ing tricks on me. But my vision improv- 
ed. It was obvious. I kept putting on my 
cherished $100 pair of high-tech 
sunglasses and comparing them. They 
didn’t compare. I was very impressed. 
Everything appeared sharper, more 
defined and indeed had a greater three 
dimensional look to it. But what did this 
product do that made my vision so much 
better? I found out. 

DEPRESSING COLOR 

The sunglasses (called BluBlockers) 
filter out the ultraviolet and blue spec- 
trum light waves from the sun. You’ve 
often heard the color blue used for ex- 
pressions of bad moods such as ''blue 
Monday" or “I have the blues." Ap- 
parently, the color blue, for centuries, 
hasbeen considered a rather depressing 
color. 

For eyesight, blue is nota good color 
too. There are several reasons. First, the 
blue rays have the shortest wavelength 
in the visible spectrum (red is the 


longest). As a result, the color blue will 
focus slightly in front of the retina which 
is the ‘focussing screen" onto which 
light waves fall in your eye. By 
eliminating the blue from the sunglasses 
througha special filtration process, and 
only letting those rays through that in- 
deed focus clearly on the retina, objects 
appear to be sharper and clearer. 

The second reason is even more im- 
pressive. It is not good to have 
ultraviolet rays fall on our eyes. 
Recognized as bad for skin, uv light is 
worse for eyes and is believed to play a 
role in many of today's eye diseases. In 
addition, people with contact lenses are 
atgreaterrisk because contacts tend to 
magnify the light at their edges thus in- 
creasing the sun’s harmful effects. 

Finally, by eliminating the blue and 
uvlight during the day, your night vision 
improves. The purple pigment in your 
eye called Rhodopsin is affected by blue 
light and the eyes take hours to recover 
from the effects. 

SUNGLASS DANGER 

But what really surprised me was the 
dangerin conventional sunglasses. Our 
pupils close in bright light to limit the 
light entering the eye and open wider at 
night—just like the aperture in an 
automatic camera. So when we put on 
sunglasses, although we reduce the 
amountoflight that entersour eyes, our 
pupils open wider and we are actually 
allowing more of the blueand ultraviolet 
portions of the light spectrum into our 
eyes. 

BluBlockers sunglasses are darker at 
the top to shield out overhead light. The 
lens used is the CR-39 which most eye 
doctors will tell you is one of the finest 
materials you can use for glasses and is 
manufactured under license. 

The framesare some of the mostcom- 
fortable Ihave ever worn. The moulded 
nose rest will fit any nose. The hinge 
causes the frames torest comfortably on 
your face and can be adjusted for almost 


They look like sunglasses. 


any size face. 

We also have a clip-on pair that 
weighs less than one ounce. Both come 
with a padded carrying case and ananti- 
scratch coating. 

I urge you to order a pair and ex- 
perience the improved vision. Then take 
your old sunglasses and compare them 
to the BluBlockers. See how much 
clearer and sharper objects appear with 
BluBlockers. And seeif your night vision 
doesn'timproveasadirect result. If you 
don't see a dramatic difference in your 
vision—one so noticeable that you can 
tell immediately, then send them back 
anytime within 30 days and I will send 
you a prompt and courteous refund. 

DRAMATIC DIFFERENCE 

But from what I've personally 
witnessed, once youusea pair, there will 
be no way you'll want to return it. 

Astronomers from many famous 
universities wear BluBlockers to im- 
prove their night vision. Pilots golfers, 
skiers, athletes—anyone who spends a 
great deal of time in the sun have found 
the BluBlockers indispensable. 

Our eyes are very important to us. 
Protect them and at the same time im- 
prove your vision with the most incredi- 
ble breakthrough in sun glasses since 
they werefirstintroduced. Ordera pair 
or two at no obligation, today. 

To order, credit card holders call toll 
free and ask for product by number 
shown below or send a check plus $4 for 
delivery. 

BluBlockers (0020PSB 4.00). $59.95 
Clip-On Model (0022PSB 4.00).34.95 


BluBlockers is a trademark of JS&A Group, Inc. 


[9] 
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One JS&A Plaza, Northbrook, IL 60062 
CALL TOLL FREE 800 228-5000 


IL residents add 7% sales tax. ©JS&A Group, Inc.,1986 


What's New 
in Recreation 


BY STUART F. BROWN 


Clearly sleek 


Stretch-formed like an air- 
craft canopy, the $175 Quan- 
tum fairing for cruiser-styled 
bikes offers wind protection 
without optical distortion. 
The acrylic plastic's edges 
glow bright orange for 
nighttime visibility, claims 
SAENG Corp. (Box 1246, Co- 
lumbus, Neb. 68601). 


> 


€ 
Armored golf bag 


Getting golf gear safely to 
the course or into the cargo 
hold of an airliner is Pro- 
tech's job. The impact-re- 
sistant molded plastic golf 
bag will hold clubs, shoes, 
and even an umbrella. It's 
$160 from Inno Design (4677 
Old Ironsides Dr., Santa 
Clara, Calif. 95054). 


a 
Built for speed 


Race-proven electronic fuel 
injection on Mercury’s new 
220-hp Laser XRi production 
outboard engine is claimed 
to precisely meter fuel un- 
der all engine and weather 
conditions. The price is 
$10,223; Mercury Marine 
(Fond du Lac, Wis. 54935) is 
the builder. 
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4 Pinpoint rescue 


Packed in a grenade-style 
canister (inset), SEAID in- 
flates automatically when it 
touches the water. After use, 
the $67 buoyancy device can 
be repacked with an avail- 
able kit, says Survival Tech- 
nologies Group (357 Cypress 
Dr., Tequesta, Fla. 33469). 


a 


Halogen bike lights 


Brite Lite is a safety break- 
through for bicyclists who 
ride at night. The system’s 
brilliant halogen head- and 
tail-lights are powered by 
a rechargeable gell cell 
mounted under the seat. The 
price is $70 to $110 from 
Peak Experience Co. (Box 
1386-Q, Soquel, Calif. 95073). 


he Cobra Trapshooter "Micro" 
Radar Detector (RD-3160). Super- 

heterodyne Cobra performance with 
miniaturized proven electronic features 
that are sensitive to traffic radar while 
eliminating false alerts with "Lockout" 
and "No False". Separate "X" and “K” 
band audio and/or visual indicators. 
Carry this Cobra in your pocket! 
For location of nearest dealer call 
1-800-COBRA 22. 


he less you like to shave the more 
you'll appreciate a BRAUN shaver. 
Because Braun Shavers are designed to 
shave you closer and smoother. Now 
finally available in America. 


BRAUN 
Designed to perform better. 


-—" 


.IVE 'EM 1,000 EVEREADY BAT- 
TERIES. That's what they'll think 

when you give them Eveready Recharge- 
ables. Batteries that recharge overnight, 
up to 1,000 times. For everybody with 
battery-eating toys, personal stereos, 
camera flashes and boom boxes—it's like 
a gift of fresh batteries that lasts for years. 


Ask for Eveready Rechargeables at your 
local retailer. 


he Ready-Lite from First Alert is 
better than ordinary flashlights 

because it's always fully-charged and 
ready to use. And Ready.Lite is easy to 
find because it plugs directly into electri- 
cal outlets. With a powerful Krypton bulb 
and a swivel head, Ready-Lite lasts 
longer on a single charge than the other 
leading brand. 


The affordable 
dream 


The King ofthe Road, Fiberfab's 1952 MG-TD 
Replicar Assembly, a legendary recreation 
is designed to be built by an average person 
with basic mechanical skills using ordinary 
tools. If you're enchanted by the way it 
looks, wait until you're behind the wheel. 
It's easy, it's fun, and it's challenging. 
Take the challenge. 


Replicar 


1929 Mercedes Benz 


Look for our displays at airports in Baton Rouge. 
Chicago O'Hare, Chicago Midway, Colorado Springs, 
Columbus, Dallas Ft. Worth, El Paso, Indianapolis, 

Lubbock, Midland, Milwaukee, Minn/St. Paul, 
Newark, Philadelphia, Savannah, Seattle. 
Spokane, St. Louis, Toledo 


REPLICAR 1952 MG-TD 
Available in front or 
rear engine drive 


Fill out the coupon below and begin the most 
rewarding experience of your life. 


di FIBERFAB INTERNATIONAL INC. 
F 6807 Wayzata Boulevard 
Foda] Minneapolis, MN 55426 
Mon.-Fri. 8AM-11PM, Sat. 9AM-5 PM, Sun. 11AM-10PM 

Enclosed is $1 ea. for a full color brochure and Replicar Kit 
Information 

Replicar 1952 MG-TD Replicar 1929 Mercedes Benz 
Name — = 
Address — 1. — pe 
City State —. Zip 
Home Phone ( ) 
Bus. Phone ( ) 
Please charge on my: — MasterCard Z Visa — Am. Exp. 
Acct. No. Exp. Date 
Signature 

Call Toll-Free 
1-800-328-5671 
In Minnesota Call 612-546-7556 

je Ol Immediate FreeHnformatlon.. seg i 


1986 Fiberfab International Inc. 
Some Equipment depicted is optional 
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TUNI 
ISKEY 


ts smooth-sippin' quality 

makes Jack Daniel's 
Tennessee Whiskey a perfect gift 
for anyone on your list who 
knows good whiskey and knows 
how to enjoy it. What's more, Jack 
Daniel's Tennessee Mud is a ter- 
rific drink idea for those extra 
warm holiday toasts. Just add 3/4 
ounce of Jack Daniel's and */4 
ounce of Amaretto to a hot mug 
of coffee. Top with whipped 
cream. And let it snow. 


^5 
| 
| 
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his holiday give the only 
calculator that can give 

form to your figures. Casio's FX- 
7000G is the world's first program- 
mable business and scientific cal- 
culator with graphic display. It 
instantly draws graphs that repre- 
sent your formulas. The calculator 
has 192 functions including scien- 
tific, statistics and computer math 
anda big 422 step memory 
enables it to perform functions 
you'd otherwise find only on a 
computer. This holiday, think high- 
tech and put a Casio FX-7000G 
under the tree. 


I| VC's GR-C7, a high-picture- 
quality, high-performance 

VHS camera-recorder, is the 
world's smallest and lightest 
among those with recording and 
playback functions. Features 
include extended play design, 
ultra-small compact design high 
sensitivity, high performance 
design for superlative picture 
quality; a variety of functions to 
expand the ranges of applications; 
and automatic features for easy, 
error-free operation. 


hen you're on the go, 
and you need to stay 

tuned into the action, take along 
the Regency HX1500 hand-held 
portable scanner. Its advanced 
features include: keyboard pro- 
gramming, 55 channels, ten pub- 
lic service bands including 
aircraft, liquid crystal display, 4 
independent scan banks, and an 
auxiliary scan control, from 
Regency Electronics. 


| f you're thinking about buy- 
JA. ing a scanner, take a look at 
the economical Regency R1070. It 
covers all the standard fire, police 
emergency and weather frequen- 
cies, has a ten channel memory 
with a digital display and it's pro- 
grammable (no.crystals required) 
from Regency Electronics. 


VC's HR-D470U VHS Video 
«J Recorder incorporates the 
following features: HQ System for 
improved picture quality; midi- 
component size with motorized 
slot-loading system; AFM hi-fi 
recording and playback; built-in 
MTS decoder; double-azimuth 
4-head; 181-channel cable-com- 
patible; 14 day/8 event program- 
mability; 10-key random access 
remote control; noiseless field still; 
automatic playback function; play 
memory function; music scan/ 
counter go-to function; instant 
recording function; and built-in 
AC outlet (switched/unswitched 
selectable). 


Car or Carry! 


Radio Shack’s Cellular Phone is Easy to 
Transfer From Car to Car or Carry With You. 


And It's the Only Full-Power 
Mobile/Portable Telephone 
You Can Install Yourself. 


Goes Anywhere. Radio Shack's tran- 
sportable phone keeps you in touch 
while you drive. You can arrange ap- 
pointments, receive important mes- 
sages from your office, and avoid 
unnecessary trips. Snap on the Portable 
Adapter Pack* and you can be on line at 
ajob site, in a boat, and wherever there's 
cellular service. The transportable also 
moves easily to your personal car, so you 
or a family member will never have to 
drive "alone". 


Full Legal Power. You get the power 
you need for maximum range in or out of 
a vehicle. The 3-watt output is five times 
the power of many cellular portables. 


Now in Most Major Cities. Radio 
shack obtains your cellular number, pro- 
grams your phone, and handles the 
start-up paperwork. The basic phone is 
$1199 and you can lease-to-own for as 
low as $39.95 per month’. Visit our store 
near you today for a demonstration. 


Radio Shaek 


A DIVISION OF TANDY CORPORATION 


"Mobile antennas, portable adapter and batteries extra. Lease avail 
ability and terms may vary in different service areas. Prices apply at 
participating Radio Shack stores and dealers. 


"e 


Call 800-638-7600: l to: Army National Guard 
P.O. Box 6000, Clifton J 07015 


Fast walls 
with 
steel-frame 
panels 


A builder can put up the walls for an 
entire house in a day or two with these 
factory-made load-bearing panels, the 
maker claims, because they replace 
traditional studs, sheathing, and insu- 
lation. The system, called Wallframe, 
is made by ALSCO ARCO Building 
Products (1500 Market St., Philadel- 
phia, Pa. 19102). 

Made of expanded-polystyrene foam 
with galvanized-steel frames, the four- 
inch-thick (R-15) panels weigh only 45 
pounds. (Six-inch-thick panels are 
planned.) “The energy efficiency of a 
Wallframe wall will be superior to 
that of a wood-framed wall of similar 
thickness because the foam insulation 
provides a thermal break between 
interior and exterior frame members,” 
says a Wallframe spokesman. “With 


Wallframe panels attach to a slab con- 
ventionally and join with self-tapping 


wood-framed houses, wood makes up 
about 20 percent of the wall area, low- 
ering the effective R-value [insulating 
value].” 

Wallframe houses cost about the 


Drywall goes on the walls in- 
siding, brick, or stucco outside. 


same initially as stick-built houses, 
it’s claimed, but are faster to build. 
The Wallframe panels will be avail- 
able throughout the United States. 
—V. Elaine Gilmore 
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SR-71 BLACKBIRD NO 2 


SR-71 BLACKBIRD NO 1 


F-18 HORNET 
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KC-135 STRATOTANKER 
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AEROSPACE SHIRTS 
CAPTURE THE EXCITEMENT! All the leading Aerospace Manufac- 
turers wear them, now you can too! Unbelievably detailed elec- 
trifying High Technology visual illustrations of the worlds most 
exotic and advanced aircraft, screen printed in brilliant colors on 
the Front and Back of Navy Blue or Black Hanes 100% Cotton 
Beefy-T's. All shirts are $15 each. Sizes gum a me m 
S(34-36), M(38-40), L(42-44), , CREDIT CARD ORDERS 


XL(46-48). Allow 2 to 3 weeks for BERI mns 


delivery. Specify aircraft, size, and Color , Or send a check including shipping 
when ordering. Also na AN RCEECNG charge and specify aircraft, size, and 


g color. AZ customers add 6.5% sales tax. 
Available B-52, us ^E Ads"! || Customer Serice (602) 966-7613 


C-5B, NASA, T-38. Sws $5 25 | ZÆZLALICOURII 


Box 8607, Dept. 311, Scottsdale, Az. 85252 
Orders: 24 shirts/$12.50 ea. 
100% Guaranteed '« TM © 1986 Blackbird Inr. A Rights Reserved 


C-130 HERCULES C-141 STARLIFTER 
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Whats News 


Popular 
Science 


According to recent Environmental 
Protection Agency estimates, as many 
as eight million homes in the United 
States may have unacceptably high 
levels of radon gas. That’s bad, because 
long exposure to radon can cause lung 
cancer [PS, Nov. ’85]. 

Now there’s another hazard that 
homeowners encounter as they try to 
find out whether their homes are safe: 
unqualified labs that are going into 
the radon-testing business. "There's a 
lot of money to be made in the area," 
says Christian Rice, a spokesman for 
the EPA, “and we've had numerous re- 
ports of fly-by-night operations." 

Now you can protect yourself. The 
EPA has identified 75 organizations 
that meet federal standards for radon 
testing. You can get a copy of the list 
—free—from most federal health 
agencies or by writing the EPA. Send 
your request to Radon Testing Profi- 
ciency Report, Environmental Protec- 
tion Agency, Press Office, Washington, 
D.C. 20460. 

The list is voluntary; no company 
gets on unless it asks. “If a company 
is not on the list, that doesn't mean 
they don't know what they're doing," 
says Rice. "They just may have cho- 
sen not to participate." 


The two-pound answer 


Sony made a large publicity splash 
about a year ago with its 2.2-pound 
camcorder—then the world's smallest 
[PS, Sept. '85]. Now an answering vol- 
ley: JVC has just announced a new 
VHS-C camcorder that weighs in at 
1.7 pounds. (Both companies give 
weights without batteries or cas- 
sette; comparable weights ready to 
use would be three pounds for the 
Sony and just over two for the JVC.) 
According to the authoritative trade 
paper TV Digest, the JVC will proba- 
bly be available in the US. in April, 
probably under the Zenith label. 

To save weight and space on the new 
unit, the battery pack doubles as the 
camera grip. The camcorder will prob- 
ably sell for just under $1,000 in 
Japan, but that's a stripped model. 


You won't be able to do much with it 
without an accessory kit containing 
grip batteries, an AC adapter and bat- 
tery charger, and a cassette adapter. 
That will cost an extra $225. 

Hardly was word of the new JVC 
unit out when a Sony affiliate, Aiwa, 
announced yet another entry in the 
smaller-is-better sweepstakes. Aiwa 
announced a new complete record-and- 
play camcorder that weighs just 2.8 
pounds. The unit will be on the mar- 
ket in Japan by the time you read this, 
but marketing plans for the U.S. have 
not been announced. The price in 
Japan: about $1,300. 


Sailing in space 


Back in the glory days of space, NASA 
had a lot of imaginative projects un- 
derway. One was the design of a solar 
sail—a large, light structure made of 
something like aluminized Mylar plas- 
tic film. The solar wind—a steady 
stream of charged particles flowing 
from the sun—would strike the sail 
and apply a gentle force that could be 
used to move spacecraft. 

The solar-sail project is one of many 
that died as NASA budgets were cut 
over the years. But now it has been 
revived by the World Space Founda- 
tion, a nonprofit organization that has 
received a $10,580 grant from the 
Charles A. Lindbergh Fund. The foun- 
dation hopes to construct a sail about 
the size of a football field and then 
try it out on a shuttle flight to see 
whether it can be made to unfurl suc- 
cessfully in space. If that works, the 
organization would try to develop 
a free-flying device to demonstrate 
the feasibility of the concept. 


Laser-disc navigation 


Mariners plying the world’s oceans 
have traditionally been awash in a sea 
of charts. Now a Swedish company, 
Disc Navigation AB, has crammed all 
the world’s navigational information 
onto a single 650-megabyte laser disc. 

Aboard ship, the section of ocean 
surrounding the vessel is displayed on 


a 19-inch high-resolution video moni- 
tor. The chart moves as the ship does, 
so the surrounding area is always in 
view. The operator can zoom in and 
out to see details of narrow passages, 
navigational markers, and so on. Ra- 
dar data can be added to the display 
so that other ships and actual echoes 
from land and other features are su- 
perimposed. Any discrepancies be- 
tween the chart and what the radar 
is seeing are shown in color. The sys- 
tem, now undergoing testing, will be 
on the market in coming months. 


Lead load leveler 


People use a lot more electricity at 
some times of the day than at others, 
and this causes problems for utilities. 
They must have enough generating ca- 
pacity for peaks, which means that ex- 
pensive plants are sitting with nothing 
to do most of the time. 

Many systems designed to level the 
demand peaks and fill the valleys have 
been tried and reported on in the 
pages of this magazine over the years. 
Now the Electric Power Research In- 
stitute and Southern California Edi- 
son Co. will build one of the oldest 
ideas into an operating plant. They'll 
install a lot of batteries—huge, in- 
dustrial-sized batteries—in a substa- 
tion in Chino, Calif. In times of light 
demand, idle generating capacity can 
be used to charge the batteries. The 
stored power will be used to meet the 
demand during peak hours. The 10- 
megawatt plant should be on-line late 
this year. EPRI will monitor the re- 
sults to see whether it's a paying 
proposition, and the International 
Lead-Zinc Research Organization, 
spotting potentially brisk sales for a 
metal that's not moving much these 
days, is supplying 2,500 tons of lead 
to the battery manufacturer. 


Üvé 
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When the air lock is sealed in June 1989, eight experiment- 
ers who call themselves Biospherians will begin a two-year 
survival test in a totally enclosed mini-Earth. This experi- 
ment could be a model for future space colonies. 


By NAOMI J. FREUNDLICH 


ical rain forest as the Biospherian 

reached up to pick some ripe ba- 
nanas off the broad-leaved trees. About 
100 feet away, he could see one of the 
other terrarium inhabitants strolling 
around the mini-ocean, making sure 
the mechanically generated waves 
were properly feeding the coral reef. 
A little farther south, the botanist of 
the team was studying the progress 
of some reeds in the tidal marshes. 
The Biospherian walked over to the 
edge of his man-made world and 
looked out, pressing his face against 
the cool glass. Another broiling hot, 
dry day out on the desert, he thought. 
Sealed in their man-made mini-Earth 
he and his fellow colonists were im- 
mune to the outside environment, like 
tropical fish swimming around in a 
giant aquarium. 

Next month, ground will be broken 
in the Arizona desert for this 2.5-acre 
totally enclosed complex called Bio- 
sphere II—Biosphere I being Earth. 
In June 1989, the air lock will be 
sealed and eight people will attempt 
to live in Biosphere II for two years. 
Apart from computer communication, 
the Biospherians will be completely 
shut off from the outside world, re- 
ceiving neither food, oxygen, water, nor 
any other supplies during their stay. 
Energy may be supplied from outside 
until solar technology becomes cost ef- 
fective. They will have small farming 
facilities to grow food, plant- and tree- 
filled areas to provide oxygen, and 
rain-making and wind machines to 
keep air and water cycling through. 

The effort is being funded by a pri- 
vate company called Space Biospheres 
Ventures (SBV). But important con- 
tributions are being made by experts 
and scientists from several renowned 
organizations, including the Smith- 
sonian Institution, the New York Bo- 
tanical Garden, the University of 
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Arizona's Environmental Research 
Laboratory (ERL), and the U.S. Geo- 
logical Survey. These workers are not 
simply designing an extravagant way 
of avoiding the summer desert heat; 
their ambitious goal is nothing less 
than to design a Biosphere that will 
function as a permanent manned space 
colony on Mars. 

Such grand schem 
sustaining colonies in space used to 
be the realm of science-fiction writers 
and other visionaries. Now the con- 
cept is seen not only as practical, but 
as an eventual necessity. The 1986 an- 
nual report of the National Commis- 
sion on Space said that developing 
man-made biospheres is vital if we 
want "to explore and settle the inner 
solar system." James Bredt, director 
of NASA's Life Sciences Division, says 
the project “is a very interesting 
experiment... I believe they're going 
to learn an awful lot that people don't 
know now about complex biological 
communities." 

To learn just what such a commu- 
nity would be like and how all of its 
intricate parts would work together, I 
went to Arizona and the planned site 
of Biosphere II. 


for self- 


Revolutionary experiment 


Biosphere II, I found, is an attempt 
to recreate the complex series of cy- 
cles that have sustained life on Earth 
for millions of years. For example, an- 
imals breathe in oxygen and release 
carbon dioxide as a waste product 
Plants—from huge tropical forests to 
microscopic algae in the sea—do the 
reverse. Water evaporates from the 
ocean, falls on land as rain, is used 
by plants and animals, and returns 
through streams and rivers to the sea. 
After they die, animals and plants are 
decomposed by bacteria and other or- 
ganisms, returning carbon dioxide to 
the atmosphere and countless other el- 
ements to the soil. 

Biosphere II, like Earth, will be 


f Biosphere II are I 
erent biomes, or ecolo; 


Designer 
several dif 


The four-story white, domed building 
(1) is the living and working quart 
: the eight Biospherians, 
red platforms (2) will be the 
Ë sive farming a Food, fibe 
and domestic animals will be loc 
here. The tallest (80 ft.) natu 
» is the tropi n forest (3). / 
mounted cooling coil c 
| ture in the air into rai. 
down a mountain w 
in forest. tropical sa- 
vanna and a freshwater marsh. After 
passing through sh, the 
stream emptie hallow ocean 
h contains a living coral reef 


l, out of the 


© At its southern end (5), the 
ded by tidal-m h platforms to 
mulate deep ocean. Water evapora- 
tion from the ocean is driven by a 


(6)—the final biome—follows a transi- 
tion thorn-scrub forest. 


made up of a number of different bi- 
omes, or small ecological systems. Se- 
lected for the experiment were such 
diverse biomes as a tropical rain for- 
est, desert, ocean, savanna, and 
marshes, each designed to contribute 
(at a much faster rate than on Earth) 
to the overall balance and cycles nec- 
essary to sustain life. 

Biosphere will be built in Oracle, a 


tiny town located in the foothills of 
the dry and barren Santa Catalina 


mountains, less than an hour’s drive 
north of Tucson's city limits. As I 
turned up a dirt road marked by a sign 
for SunSpace Ranch Conference Cen- 
ter, I was struck by the similarity of 
this landscape to an extraterrestrial 
one; the dusty, rocky, dry mountains 
ahead could have been on Mars. 


Here in the middle of the desert, the 
SBV architects and their scientist col- 
laborators are seeking an elusive goal. 
In all the years that NASA scientists 
and other researchers have been work- 
ing in the field of completely closed 
ecological systems, there has been only 
one success—a sealed sphere contain- 
ing shrimp and algae that has sur- 
vived for 17 years. Developed for 


NASA by Joseph Hanson of the Jet 
Propulsion Laboratory, the system is 
now being sold commercially as the 
EcoSphere. But nothing remotely on 
the scale of Biosphere II has ever been 
attempted. 

During my visit, there was a hum 
of activity at the SunSpace Ranch. 
Some workers were tending huge 

Continued 
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greenhouses filled with hydroponically 
grown vegetables (grown hydroponi- 
cally to save space). When Kathy 
Dyhr, administrative director of the 
Biosphere project, guided me through 
one of the greenhouses, ladybugs were 
everywhere, including all over me. Be- 
cause Biosphere II is completely en- 
closed, no agricultural chemicals can 
be used. Instead, ladybugs and micro- 
scopic ground wasps will be the de- 
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fense against aphids and other pests. 

Near the greenhouse, horticulturist 
Stephen Storm runs a ue-culture 
laboratory that serves as a kind of 
storehouse for crops. One just like it 
will be housed in Biosphere II. If a 
crop fails to survive inside the man- 
made world, a slightly different spe- 
cies, stored as seedlings in the tissue- 
culture lab, could take its place 
quickly. 


In Biosphere II there will be limited 
space for food production. The plan is 
to have the greatest variety of plants 
and animals in the smallest possible 
area. A key element is fish farming 
(above). The water flushing out of the 
large vats of orange and gray fis) 
tilapia—eventually is used in the i 
gation system for the plants. On its 
way, microorganisms embedded in fil- 
tering water wh: 
monia from the fish waste water into 
nitrates and nitrites. The water is then 
mixed with other nutrients and used 
to irrigate and feed hydroponically 
grown vegetables (left). The plants 
readily remove all nitrogen compounds 
from the water. The water evaporat- 
ing from the plants or running out of 
the bottom of the farming platforms 
will be collected, percolated through 
soil-bed reactors, and reused. 


Selection of plants that will be used 
in Biosphere II is, of course, critically 
important to the success of the proj- 
ect. I talked with Ghillean Prance, se- 
nior vice president for research at the 
New York Botanical Garden, who is 
in charge of picking the flora for Bio- 
sphere IIs tropical rain forest. He ex- 
plained that in addition to making 
sure oxygen and other cycles were bal- 
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HQ recorders made by JVC (top), Sanyo (center), and Zenith increase picture sharpness, decrease noise. 


Super Beta gave better picture quality than the original Beta format. Now VHS makers 
have countered with HQ—high quality—circuitry that boosts picture performance fi 
new VHS VCRs. The added circuitry v , but not all HQ systems are alike. 


By DAWN GORDON edges of the poles were sharper, more y 
Photo by Greg Sharko distinct. Individual l on the t cutting video noise ( 
were now visible. And the flowers had Since that demon: 
y," said the demon- e livelier color. “Y 7 8 ave introduced mo: 
r as he pushed the video watching the HQ [high quality] version VHS HQ models, and 
ette into the VCR. "This tape e," he said. predict that every VHS VCR will in- 
was made on a conventiona al VHS ma- . vi esigi 0 ve corporate HQ circuitry by early next 
year. But after tal ing to engineers 
and industry ex 


said. He n d the v lecto with marketing manager for JVC Co. of 

another and once more pressed the America. HQ invokes special filtering e differences among HQ models? 
"play" button. The same scenes ap- circuitry that can be built into a VHS How do they compare in picture qual- 
peared, but there difference: VCR. It doesnt inci resolution, ity? And how does VHS HQ stack up 
The picture was noticeably better. The but it does enhance picture perfor- Continued 
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against its Super Beta rival? Here's 
what I found. 


Picture fixers 


"The idea of any video recording sys- 
tem is to get as much of the video sig- 
nal on tape as possible," says Sammy 
Kondo, video technical manager for 
JVC. “The higher the frequency, the 
better the detail of the picture. The 
higher the signal level above tape 
noise, the less snow." 

Two years ago, JVC and the VHS 
Standards Committee (consisting of 
representatives from all VHS manu- 
facturers) began working to improve 
the signal from the present VHS for- 
mat. The result —HQ—is a series of 
four circuits: extended white clip, to 
increase picture sharpness; luminance 
noise reduction, to lower overall pic- 
ture snow; chrominance noise reduc- 
tion, to remove snow from color; and 


detail enhancement, to increase pic- 
ture detail. 

“Sharpness is determined by the 
amount of high-frequency information 
contained in the video signal," says 
Kondo, “and all VCRs boost these fre- 
quencies.” On conventional VCRs the 
extremes (peaks) of the boosted sig- 
nal become distorted and, in the past, 
not all would fit on the tape. So just 
before recording, the signal peaks are 
cut—clipped—by a white clip circuit. 

“We extended this white clip level 
on HQ so fewer high frequencies are 
cut,” says Kondo. To allow that, the 
HQ machines take advantage of two 
changes in video-recording technology: 
better electronics to reduce distortion, 
and higher grades of recording tape 
to accept more signal information. “By 
increasing the white clip level, the dif- 
ference between white and black is 
made clearer,” adds Kondo. “That 


means a sharper playback picture.” 
Video noise, random electrical sig- 
nals from the electronics or recording 
tape (like tape hiss on an audio re- 
corder), creates its own set of prob- 
lems for VCR viewers. When noise is 
present on the brightness (luminance) 
signal, it appears as snow on the 
screen; on the color signal (chromi- 
nance), it causes overly intense and 
blurred colors. To lower the noise level, 
HQ machines use two noise-reduction 
circuits—one for luminance and one 
for chrominance—that work similarly. 
“A horizontal scan line is delayed 
by using a CCD [charge-coupled 
device] or a glass delay line,” says 
Kondo, "then it's added to the next 
scan line." Because the two adjacent 
lines contain nearly identical informa- 
tion, the signal is effectively doubled. 
“But the noise is random," adds 
Kondo. “It won't be present on both 
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lines, so it won't be doubled.” The re- 
sult is a 40-percent (3-db) improvement 
in the signal-to-noise ratio. 

The luminance and chrominance 
noise-reduction systems are expensive 
—too expensive to add to a low-cost 
VCR, it was believed—so the commit- 
tee added a lower-cost detail-enhance- 
ment circuit as a possible alternative. 

“The detail enhancer presumes that 
a conventional noise-reduction system. 
is used in the VCR," Kondo explains. 
"These systems reduce noise by filter- 
ing out the signal's higher frequen- 
cies." But the high frequencies contain 
delicate picture details, too. To com- 
pensate, the detail enhancer further 
boosts low-amplitude signals contain- 
ing the high frequencies before they 
are recorded on tape. Then, when fil- 
tered during playback, enough detail 
remains to retain much of the origi- 
nal picture information. 
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Of the four circuits, the detail 
enhancer and extended white clip level 
operate during the record mode only. 
They are not needed for playback. 
“That means the quality of the tape 
is improved even when played on a 
standard VHS machine,” says Kondo. 

Does that make them more impor- 
tant than the others, especially if you 
want to use other machines? Are the 
luminance and chrominance filters 
worth the additional cost? At present, 
the makers can’t agree on answers to 
those questions. So the committee de- 
cided that for a VCR to be rated as 
HQ it must have the white clip ex- 
tender and at least one other circuit. 
The result is a variety of schemes from 
all makers. 


Schemes for scenes 


“From our experience we believe 
that the four-method HQ system is su- 


perior to the two-method system,” says 
Sanyo’s video product manager Kent 
Hammond. Sanyo is one of the few 
companies using all four HQ enhance- 
ments (see table). But while four cir- 
cuits may be better than two, the 
question is, By how much? 

Says JVC’s Kondo: “Our top-of-the- 
line VCRs incorporate all four en- 
hancements, and our lower-priced 
decks use only two or three. The pic- 
ture is better on our top-of-the-line 
products, but only by a little bit.” 

RCA originally tried all four cir- 
cuits, but decided that three was suf- 
ficient. “Chrominance noise reduction 
is not used in our models,” says A. J. 
Schick, RCA's manager of VCR engi- 
neering. “When we experimented with 
the circuit, we found it was extremely 
difficult to perceive any improvement.” 

Ralph Palaia, director of VCR mar- 
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Why is it so painfully hard for a computer to do what a 
small child can do so easily—understand human speech 
delivered in a natural way? The answer lies not only in 
the complexities of acoustics but in the mysterious prop- 
erties of language itself. 


By ARTHUR FISHER 
How meaning Drawings by Saul Mandel 
changes with context ere is a joke circulating in the artificial-intelligence (AI) commu- 
H nity attributed to AI guru Edward Feigenbaum of Stanford 
University: 


The scene takes place in a deep-underground war room between a 
five-star general and the supremely intelligent computer that, by the 
year 2020, is supposed to manage Armageddon infallibly and at light- 
ning speed. 

Computer: General, enemy missiles approaching. 

General: By land or by sea? 

Computer: Yes. 

General (frantically): Yes, what? 

Computer: Yes, sir!! 

An amusing anecdote, but one that wrings pained smiles from re- 
searchers struggling for success in the decades-old search for a device 
capable of true speech recognition. In effect, it may be even more diffi- 
cult to endow a computer with the ability to fully comprehend spoken 
human speech than to give it the gift of sight. 

Yet the race is on. Professor Michael L. Dertouzos, director of the 
Massachusetts Institute of Technology's Laboratory for Computer Sci- 
ence, acknowledges that machine recognition of speech is one of the 
principal goals of Japan's billion-dollar fifth-generation computer pro- 
gram. “Whoever breaks the logjam to make machines that can under- 
stand spoken words will gain control of the information revolution," he 
says. And the U.S. Department of Defense Advanced Research Projects 
Agency has been sponsoring work on advanced speech-recognition sys- 
tems ever since 1971, at MIT and at Carnegie-Mellon University. 


Limited successes and striking accomplishments 


The potential rewards of such an achievement are obvious. Data and 
instructions could flow to a computer at a far greater rate than now 
accessible to most keyboards—150 to 180 words per minute. That's a 
typical conversational rate—about double the fluency of most skilled 
typists, and about three times the rate of ordinary typists. Longhand? 
Five to six times slower than speech. That is reason enough to develop a 
so-called “talkwriter” for general business use. 

Besides, there are many situations in which voice input is desirable, 
even essential. Airplane pilots in emergencies... tank commanders under 
fire... handicapped persons able to speak but unable to manipulate ob- 
jects in their environment. 

But obstacles on the way to full comprehension of human speech by 
computer are formidable. True, there have been limited successes in the 
evolution of speech-recognition systems. They began about 40 years ago 


with the invention of “Radio Rex,” a toy dog that was supposed to an- 
GG Stay a way swer to its own name, but responded erratically, perhaps in need of obe- 
dience training. It took till the 1960s to achieve recognition of more 
from the bank 55 than a handful of English words. By the 1970s, there were a number of 
commercial systems able to recognize a few dozen words—enough to 


make them useful for some simple jobs. 
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Today, voice-recognition applications range from the trivial—arcade 
video games that respond to specific spoken cues—to the significant, 
such as speech controls for auto cruise controls, cellular phones, and air 
conditioners; voice inputs for assembly line pickers in factories; and 
telephone banking services that are able to respond to simple vocal 
commands. 

United Airlines baggage handlers at Chicago's O'Hare Airport sing 
out airport destinations as they sling bags onto a conveyor belt; a voice- 
recognition system sorts the luggage accordingly. More remarkably, a 

| computer answers calls at the National Association of Transplant Coor- 
dinators in Pittsburgh, and listens for the particulars of an organ donor 
so that a match with an appropriate recipient can be found. The Army 
is using voice commands to give helicopter pilots hands-off control of a 
target-tracking radar system. AT&T has designed a system that enables 
phone callers to get market quotes for any of 6,000 different stocks by 
reciting their code numbers. And there is even a kind of voice-activated 
black box called Butler in a Box, designed for use in the home. In reply 
to simple commands spoken within earshot—about 15 to 20 feet—it 
will turn on or off lights, TV, computer, alarm system, and so on; make 
and answer telephone calls; set off an alarm in the morning and not 
turn off until you tell it to; and answer all requests in a dignified, if 
digitized, voice. 

These are, to be sure, striking accomplishments. Some of them would 
have seemed like magic only a decade ago. But they fall depressingly 
short of the ultimate goal of true speech comprehension. 

Why? Most of these applications have tiny vocabularies, limited in 
combinatorial power; require distinct pauses between each clearly spo- 
ken word; may fail in a noisy environment; and may have to be 
dedicated—trained to the voice of a specific individual, incapable of rec- 
ognizing any other person’s voice. The goal of talking to a computer the 
way you would talk to a person, says Stephen Levinson of Bell Lab’s 
acoustic research section, “is a long way off.” 


Two problem areas: sound and language 


What researchers in the field would like to accomplish is no great 
shakes, by the standards of human intercourse: that a computer should 
be able to recognize, with high accuracy, human speech that is spoken 
naturally and continuously—not separated by unnatural pauses. The 
system should have a large vocabulary, and be independent of the par- 
ticular quirks, regional accents, and peculiarities of phrasing, pitch, and 
the like of the user. It would also be nice not to have to isolate the 
speaker in an anechoic chamber, or even a very quiet environment. After 
all, a human listener successfully interprets the utterances of thousands 
of different individuals, with accents ranging from Deep South to Bronx, 


inflections from Brahmin to gutter, pitch ranges from basso profundo to GG T. h h . k 

squeaky, and clarity of enunciation from nightly news anchorman to e chicRens 
tobacco auctioneer. Furthermore, he can often pick out the distinctive 

sound of an acquaintance's voice from the din of a boiler factory or the arer eady to eat 93 


babble of a cocktail party—and understand what is being said. 

Why should attaining anything remotely resembling these human ca- 
pabilities in a computer be so terribly difficult? The problems can be 
sorted into two basic categories: acoustic and linguistic. 

Speech arrives at our ears as sound, a series of compressions and rar- 
efactions of the air. One basic attack in speech recognition is to analyze 
this acoustic signal electronically, and then try to match the acoustic 
signature of a word—or of the smallest units of speech, the discrete 
sound segments called phonemes that constitute a word—against a sort 
of electronic template stored in memory. (Experts in phonetics put the 
number of phonemes in English— consonant plus vowel sounds—at 40 

Continued 
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to 45.) That is exactly the procedure used in the fairly simple systems 
mentioned previously. Their success is based on relatively straightforward 
signal processing. But their success is limited because real speech, as it 
is spoken, is not so simple. 

Take vocabulary. There are some 414,000 words listed in the Oxford 
English Dictionary, and adding specialized technical vocabularies would 
make the total much higher. A reasonably educated adult may use only 
10,000 to 15,000 words in conversation with any frequency, but he pos- 
sesses a much larger reservoir of 100,000 words, and he may freshen his 
conversation with any one of these on occasion. To cope with a vocabu- 
lary of many thousands of words using template matching alone, enor- 
mous computer power would be required. 

And that isn't the worst of it. Different speakers can produce laugh- 
ably disparate acoustic signals for the very same word. Listen to Eliza 
Doolittle recite "The rain in Spain..." before and after Professor Hig- 
gins gets on her case. Or compare *Harvard" as spoken by a Bostonian 
and a Texan. That's why, in most of the limited speech-recognition sys- 
tems on the market, the computer is actually trained, or taught, to rec- 
ognize, word by word, the speech of a particular individual. Should the 
speaker develop sinusitis and a hacking cough, the computer may very 
well fail to make a match. And the template-matching computer will 
detect and analyze any extraneous noises it hears as if they were parts 
of speech, lacking the human ability to disregard them. It could be thrown 
by throat clearing, head-scratching, paper crumbling, even the burble of 
an office water cooler. So a quiet environment is required, during both 
training and later use. (Obviously, the larger the vocabulary, the more 
tedious and time-consuming this training process becomes.) To render a 
speech-recognition system speaker-independent thus becomes an entirely 
different kind of challenge. 


Practice makes perfect 


I learned just how severe the challenge can be last year on a visit to 
Japan, where speech-recognition research is an integral part of the na- 
tional “fifth-generation” computer project. The motivation to develop a 
sophisticated speech-activated typewriter is especially compelling there 
because a Japanese typist faces a nightmarish 3,200 different charac- 
ters. But the quest may be simpler because spoken Japanese has only 
some 120 syllables as opposed to about 10,000 in English. 

I had been invited to a leading research facility, the Electronic Com- 
munications Laboratory of giant NTT, the Nippon Telegraph and Tele- 
phone Corp., in a windswept suburb of Tokyo. My host, K. Kakehi, chief 
of the basic research division, briefed me on the laboratory's work, and 


then politely dispatched me to watch a demonstration of an experimental 
[44 He saw that speaker-independent voice-recognition system. In a small gray room 
whose concrete walls were decorated with system flow charts (I was po- 
gasoline litely told, “No photos, please!”), there were two computers, two video 


monitors, a microphone, and an assortment of Japanese scientists and 
can explode 9 technicians. 

The man in charge, Dr. Koda, showed me a printed list, in Japanese 
and English, of 100 Japanese cities. If one spoke the city name into the 
microphone, he explained, the corresponding city name would appear 
on the monitor. Sounds simple. But the whole point was that anyone 
could use the device—it had not been trained to a particular speaker. 

One of the assistants sat before the microphone and said “Naha.” Two 
lines of Japanese characters immediately appeared on a screen, the first. 
in yellow, followed by the number 78, and the second in blue, followed 
by the number 66. 

"The first line says ‘Naha,’ " explained Koda, “and the second says 
‘Nara’ The computer will display the most likely match first, and if 
there are others close to it, will rank them in order. The numbers repre- 
sent the probability of being a correct match, with 100 being a perfect 
score.” Obviously, the computer had chosen correctly. 

“May I try?” I stationed myself at the mike with supreme confidence, 
then carefully enunciated “Shimonoseki,” a port city from which I had 
sailed years before. 

A line of shocking pink characters appeared on the screen, with no 
number. The Japanese tittered. "What does that say?" I asked. 

“Reject,” replied a smiling Koda, amidst unmuffled laughter. 

Undaunted, I tried “Nagasaki.” Same result. 

What was the problem? The device was speaker-independent, but not 
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nationality independent. It had been trained to a cross section of 
Japanese speakers, and my pronunciation was just different 
enough to mess things up. I finally beat the damned thing by 
listening oh so carefully to Koda pronounce "Tokyo" and then 
imitating his every nuance. Score: 81. 


Understanding natural language: logical or magical? 


Doing away with the third constraint—achieving the recognition of 
continuous speech— poses even thornier problems, for the acoustic prop- 
erties of words and phonemes in connected discourse are not only differ- 
ent from those of isolated words, they differ according to variations in 
the words that surround them—the phonetic environment. For exam- 
ple, the basic phoneme "t" will yield different acoustic signals depend- 
ing on whether it is spoken in “tree,” “stern,” “beetroot,” “tie,” or “city.” 
This confusing effect is called coarticulation; it can occur both within 
words and at their boundaries, as in “gas station.” The word “this” will 
be different acoustically depending on whether it is used in “this car" or 
“this ship.” 

The human hearing apparatus and brain manage to cope with the 
perplexities of run-on speech, and with the others as well. So far, no 
computer system has been able to come close. The reason is that a true 
speech-recognition system, if it is to operate without constraints, must 
know the speaker's language, and must be able to derive information 
from context. Even human hearers have trouble identifying spoken words 
out of context. For example, speech researchers in 1963 conducted an 
experiment in which a conversation, perfectly comprehensible to those 
who heard it originally, was tape recorded. Then individual words were 
played back in random order. From 20 to 30 percent of them could not 
be understood! The information essential to them, rather than being 
encoded solely in their individual phonemes, was spread out over the 
cluster of words in which they appeared. 

The key is the ability to graft linguistic ability onto a machine—a goal 
many think will not be fully attained until far in the future, if at all. 

One artificial-intelligence expert who has become more skeptical about 
such prospects over the last decade is Terry Winograd. Winograd is an 
associate professor of computer science and linguistics at Stanford Uni- 
versity, serves as consultant at Xerox Corp.’s Palo Alto Research Center, 
and does research in artificial intelligence, computational linguistics, 
and cognitive modeling at Stanford’s Center for the Study of Language 
and Information. 

The question of understanding language is an area Winograd has 
probed deeply. Natural languages—the ones people speak and write, as 
opposed to the artificial ones constructed for computers—have built-in 
ambiguities of several types. As a result, the meaning of a sentence ina 
natural language often depends not only on the form of the sentence but 
on its context, which is needed to resolve the ambiguities. Humans solve 
these problems without apparent effort, by a process whose mechanics 
remain incompletely understood—that is to say, magical. No computer 
program to date has been able to deal with them with complete success. 
In fact, they constitute formidable obstacles to many kinds of intelligent 
computer applications, including speech recognition and translation from 
one natural language to another. 


Omnipresent ambiguities 


Winograd has set up a kind of hierarchy of language ambiguities and 
provided examples of each. Any literate person can easily supply his 
own favorite examples. Winograd’s categories extend from lexical ambi- 
guities to structural, deep-structural, semantic, and pragmatic. 

In lexical ambiguity, the simplest kind, a single word can have two or 
more meanings—the word “bat,” for example. If the sentence reads “The 
second baseman picked up his bat,” the meaning to a human reader is 
unambiguous. But the sentence “Stay away from the bank” might be 
advice to a child playing near the river or to an investor about to make 
a deposit. Only the context—what is outside of but embeds the sen- 
tence—can reveal which is correct. 

In structural ambiguity, there is a choice between two grammatical 
structures. For example, “He saw that gasoline can explode”: Did he 
understand a possibility, or witness an explosion? 

Deep structural ambiguity is even more subtle: Two readings of the 

[Continued on page 90] 
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Red lighting supports green-laser experiments at Carnegie-Mellon University’s new molecular electronics laboratory. 


MICROmicro 


To create useful devices and circuits with or- 
ganic molecules, researchers first develop ex- 
tremely thin films of the molecules. One 
method of forming molecule-thin films is the 
Langmuir-Blodgett technique. The molecules 
used are long chains with different proper- 
ties at both ends: One end must be attracted 
to water molecules; the other end is fatty or 
oily—it repels water molecules. As a result, 
in water the molecules float at the surface 
with their oily ends up. 

Chemists use a container with a movable 
side. With the long-chain molecules covering 
the water surface like a thin film of grease, 
the container side is moved inward, compress- 
ing the loosely scattered molecules until they 
line up to form a one-molecule-thick film. 
Each time a glass or quartz sheet is pulled 
through this film, a layer of molecules sticks 
to its surface. Researchers use the technique 
to form altern; layers of dyes that either 
absorb or emit light of different colors (left). 
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Today's integrated circuits contain millions of transistors on a fingernail-size silicon chip. 
But now researchers are working to produce devices that will dwarf this accomplishment. 
Circuits under development for both computer logic functions and memory devices will 
work with carbon-based organic molecules. Enter the age of the biological microchip. 


By T. A. HEPPENHEIMER 
Drawings by Mitchell J. Albala 


PITTSBURGH, Pa. 

ould you like to see our robot 

Wien asks Robert Birge, 

director of the Center for Mo- 

lecular Electronics at Pittsburgh’s 

Carnegie-Mellon University. I’m in a 

basement lab. On a workbench, near 

a rack of small glass vials, a small 
robot arm juts forward. 

A graduate student grasps a block- 
shaped device on the robot arm, al- 
most as if shaking hands. "We'll be 
using that robot for some of our chem- 
ical synthesis," Birge says. "It's much 
more accurate than asking a human 
chemist to make the same moves time 
after time.” 

Birge is a cheery, sandy-haired chem- 
istry professor. He and his colleagues 
are pioneering a new type of chemi- 
cal synthesis that could become the 


MOLECULES 
TRANSPARENT 
TO RED LIGHT 


next major advance in electronics 
beyond silicon transistors: They’re 
creating circuits and other memory de- 
vices with carbon-based organic mol- 
ecules akin to those in our bodies. 
Birge says he is close to introducing 
a super-fast computer memory based 
on organic molecules. He's also devel- 
oping logic circuits, the building blocks 
of computers, from organic molecules. 
Elsewhere, other researchers are at- 
tempting to devise methods of commun- 
icating with molecular circuits. 
Researchers are turning to molec- 
ular electronics because of limita- 
tions anticipated in ordinary solid- 
state integrated circuits (ICs). ICs 
pack transistors on fingernail-size 
chips [^Superchips," PS, April '83]. But 
conventional ICs may be approaching 
their limit; as component sizes shrink 
to dimensions less than 0.1 micron 
(0.000001 inch), circuits may fail when 
electrons spill over from one transis- 
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One organic molecule used in experiments is a bacterial pig- 
ment called bacteriorhodopsin. At low temperatures, electronic 
properties of this pigment change in red or green light. When 
a single molecule of the pigment is in its native state 
(left), it is transparent to red light. The right-hand section of 
the molecule is in an open, free-form loop. This condition, 
in which red light can pass through the molecule, is considered 
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tor circuit into an adjacent circuit. 
Heat caused by tight packing would 
also be a serious problem. 

Molecular circuits could be much 
smaller and faster, and could use less 
power. The new type of microchips 
could—potentially at least—bring 
about a thousandfold reduction in the 
size of circuit components. Molecular 
microchips, built in layers, might boost 
circuit densities 100,000 times or more 
over today’s silicon chips. 

Birge shows me other advantages 
on a diagram that compares different 
types of electronic technology for basic 
computer circuits, called gates. "We're 
in the silicon region today,” he says, 
indicating a diagram section where 
speed is comparatively slow and power 
consumption somewhat high. “The 
speed in silicon is a billionth of a sec- 
ond for each gate. The power level is 
a milliwatt. Molecular technology 

Continued 
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state O. (In the binary number system, “off” and “on” condi- 
tions, represented by a O and a 1, are used.) If the molecule 
is hit with a pulse of green light (above), it changes to a 1 
state; part of it becomes larger, more open. In the 1 state the 
pigment absorbs and blocks red light. So while the green laser 
writes a 1, a red laser can be used to detect or read O or 1 
states, a combination that's useful as a memory system. 
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could be a thousand times faster, using 
a hundred thousand times less power.” 

Such super-fast performance for or- 
ganic microchips is possible for two 
reasons: Distances would be vastly re- 
duced between circuit elements, so sig- 
nals could travel shorter distances in 
less time. Second, the speed of indi- 
vidual molecular-level circuits is much 
faster than conventional circuits based 
on silicon technology. 


Purple bacteria 


Molecular electronic circuits are 
possible because certain organic mol- 
ecules can be made to perform func- 
tions similar to those now performed 
by solid-state and magnetic materials. 
For example, conventional computer 
memories store information by vary- 
ing the magnetic polarity of tiny areas 
on the surface of a floppy or hard disk. 
In one organic scheme, a molecule that 
can switch states is used to store in- 
formation. In one state it transmits 
light of a certain color; in another it 
blocks light. So one state can be used to 
represent a 1 in binary computer code, 
the other a 0 (see boxes 2 and 3). 

*We use a protein called bacterio- 
rhodopsin," explains Birge at Carne- 
gie-Mellon. “It’s a bacterial pigment 
obtained from a species that grows in 
the salt marshes of San Francisco Bay. 
That's an appropriate place for it to 
start; it's close to Silicon Valley" The 
pigment, a rich purple color, is light 
sensitive and related to a substance 
in the eyes called rhodopsin, or visual 
purple. 


"The bacteriorhodopsin molecule is 
highly stable,” says Birge. “At liquid 
nitrogen temperatures [ — 320 degrees 
F] it can switch between two states 
in ten-trillionths of a second." He de- 
scribes how coatings of the molecule, 
under supervision of the robot I'd seen 
earlier, can be applied to optical discs 
(see box 1). Then Birge pulls out a di- 
agram showing a pair of the long 
bacterial-pigment molecules, their 
atoms brightly colored in orange, 
green, and blue. Pulses of light from 
red and green lasers, he explains, 
switch the pigment on a disc between 
the two states that enable it to store 
binary data. 

“We believe that ultimately this 
technology will store information with 
ten times the density of a laser disc 
[PS cover story, May '85] and a hun- 
dred to a thousand times the density 
of a magnetic hard disk," Birge says. 
“But the main advantage is to read 
and write at ten-trillionths of a sec- 
ond per bit. With the high-speed scan- 
ners being developed by Hughes and 
other companies, we should be able 
to put together a system that can read 
and write at rates that far exceed 
those of magnetic media. We plan to 
have this technology ready for com- 
mercial use in a year and a half.” 


Chemical logic 


Organic molecules can be adapted 
to perform logic functions similar to 
those now performed by silicon-based 
chips, too. To illustrate, Birge selects 
a diagram of a molecule that resem- 
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bles a lobster with large pincers. This 
molecule will serve as a NAND logic 
gate (see box 4), one of the basic cir- 
cuits used in computers. “We're in the 
process of completing the first stage 
of developing a computer NAND gate 
based on molecular structures,” he 
says. 

Birge outlines how each of the “claws” 
on the diagram represents a different 
type of dye molecule sensitive to dif- 
ferent laser colors. Both dye molecules 
serve as inputs to the NAND circuit. 
“The output involves that tail on the 
right,” he says, indicating a small part 
of the molecule. When the right com- 
bination of input signals shows up at 
the input molecules, the state of the 
output is changed. This changed state 
can be detected by a laser beam. 

But though such schemes are pos- 
sible in principle, there are practical 
difficulties. For example, such a mol- 
ecule is far too small for laser light to 
hit only one part and not another. A 
laser beam, typically focused to a one- 
micron-wide spot, is roughly a thou- 
sand times larger than the entire 
molecule. So, many molecules would 
actually be bathed in the beams. 

“We're hoping to link as many as 
forty-eight of these NAND gates to 
form a one-bit adder,” says Birge. “We 
may be able to do it in two years.” 
Such an adder, an elementary com- 
puter circuit, is capable of adding two 
bits of information. 

The adder and more-complex cir- 
cuits to follow would be built in layers: 
Lasers of different wavelengths would 


QUARTZ DISC 
(BACTERIAL-PIGMENT COATING) 


ze 


=D LS 1S 1. = STRING OF 0s 


7- QUARTZ DISC 
(BACTERIAL-PIGMENT COATING) 


Hi = [ l J l J l — STRING OF 1s 
ww 


be on top, serving as inputs. Below 
would be molecule-thin films, each 
with a different, highly complex mole- 
cule. Laser input pulses would change 
the layers, making them transparent 
or opaque. Wavelengths penetrating 
the first layer would set off changes 
in the second, and so forth, down the 
stack. At the bottom, an optical-fiber 
cable might carry the laser light to 
an adjacent molecular circuit. Or 
photodetectors could produce elec- 
tronic signals to create the outputs. 
How about producing true comput- 
ers at the molecular level? "There's no 
reason this technology cannot lead to 
extremely high-speed devices, provided 
you don't seek devices that work with 
high reliability at the single-molecule 
level," Birge says. “Our method is to 
lay down large numbers of molecules, 
then let laser light respond to the av- 
erage properties of all of them. Mo- 
lecular computers? Not for decades. If 
you want just a useful computer func- 
tion, that’s an enormous undertaking.” 


Wiring up molecules 


Others are tackling different aspects 
of this undertaking, At tiny Gentronix 
Laboratories, in Rockville, Md., pres- 
ident James McAlear and a small staff 
are devising a way to get away from 
using laser beams to inject signals and 
read outputs from organic circuit ele- 
ments, They want to build minute 
wirelike connections at a molecular 
level instead. At McAlear's molecular- 
level scale, the spider-web-thin wires 
Continued on page 98) 
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protonated Schiff base). In reality, lasers 
would illuminate the entire molecule; the 
gate would consist of thousands of mole- 
cules operating in parallel (see text). 

When one of the input molecules is irra- 
diated with the proper wavelength, it repre- 
sents an input to the first dye molecule. 
This input section pulls an electron from 
the porphyrin. A laser with a different color 
serves as an input to the second dye mole- 
cule, which attracts another electron. With 
both input lasers on, the output dye mole- 
cule sees a different electron structure in 
the porphyrin and changes the wavelength 
at which it absorbs light. A third laser can 
then read the molecule and note this change. 
The read laser, therefore, produces a O out- 
put from a photodetector/digital circuit when 
both input lasers are on. 


Computer-logic circuits based on special 
molecules are also under development. One 
such circuit, a NAND gate (for “‘not-and"’) 
enables computers to perform logical oper- 
ations. A NAND gate (inset) has two inputs, 
A and B, and one output. If both inputs are 
on, then the output is off. In practice, digi- 
tal 1s at both inputs produce a O at the 
output. But no inputs or a 1 and O at ei- 
ther input produces a 1 output from the 
NAND gate. 

In one NAND molecular circuit being de- 
veloped (above), one of the two inputs is a 
dye molecule that absorbs green light. The 
second input is a different dye molecule that 
absorbs blue light. Both are attached to a 
ringlike section of the molecule called a por- 
phyrin macrocycle. The output of the mo- 
lecular gate is a third dye molecule (a retinyl 


Researchers are employing the switching 
properties of bacteriorhodopsin to develop 
an optical disc for computer data storage. 
Quartz discs (far left, top) are coated with 
the pigment. With the pigment in its O state, 
a red laser, focused to a tiny spot on the 
disc, shines through to a photodetector. A 
digital circuit connected to the detector then 
generates a string of Os. To write on the 
disc (far left, bottom), a green laser switches 
spots on the disc, making them opaque to 
the red laser. A string of 1s is generated by 
the read laser (not shown in bottom figure) 
when the spots block the read beam. The 
read laser has an undesirable effect: When 
it hits a 1 spot on the disc, the read beam 
is blocked, indicating the presence of the 
1, but the 1 switches to a O state as the 
pigment responds to red light. As a result, 
the green beam must restore, or refresh, 
1s that have been erased as they're read 
out. Here's the sequence (left): A) An en- 
coded 1 spot (arrow) approaches the red 
read beam; B) the spot blocks the beam 
but instantly switches to a 0; C) The write/ 
refresh laser switches on, changing the O 
bit on the optical disc back to a 1. 
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Stronger than dirt 


Fun in the mud with auto-engaging 4WD 


“If you don't end up covered with mud, you haven't had any fun,” quipped 
engineer Mitchell Johnson after we'd ridden a small fleet of all-terrain 
vehicles (ATVs) through a marsh near Polaris Industries’ plant in Roseau, 
Minn. I had just been turned loose on the new Trail Boss 4x4 (right and 
far right, center), a machine that comes into its own when the going gets 
gooey. The Polaris ATV’s no-shift transmission and automatically engag- 
ing four-wheel drive make it a tough one to bog down. “If you're a slow 
shifter in this kind of stuff," Johnson observed, wiping off his goggles, 
“you’re stopped dead.” But driving this nimble mud buggy is amazingly 
simple: Crank the electric starter, point the handlebars, squeeze the thumb 
throttle... and you're off; its 250-cc Fuji two-stroke engine pulls the 
500-pound four-wheeler around easily. The $3,298 Trail Boss's infinitely 
variable transmission (like a snowmobile's) makes for a smooth transition 
from slow to high speeds without a shift lever. When traction gets scarce, 
the Demand 4 Drive system senses the rear wheels slipping and automati- 
cally engages the front wheels for additional bite. Here's how the system's 
bidirectional front-hub clutch (developed with Hilliard Corp., Elmira, N.Y.) 
works: When the front drive shaft overruns the freewheeling front wheels, 
rollers in the clutch “catch up" to wheel-hub ramps and wedge themselves 
in solidly, thus driving the front wheels. When you're wallowing in a pool 
of black mire, that extra grip is a great feeling.—Steven Ashley 
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Two beach buggies, lots of dunes 
You don't just climb into this vehicle—you wear it. That 
was my feeling while snuggling into the wraparound 
bucket seat and fastening the race-car-type restraint har- 
in the Honda Odyssey 350 (left and above). Bracing 
my sneakers against the footboar 
throttle on the aircraft-style steering assembly, I shot off 
across the windblown sand dunes at California's Pismo 
Beach. The Odyssey performs terrific power slide 
put on some speed, point the wheels to one 
steer with the throttle. I came to appreciate the $2,998 
Odyssey's fully independent suspension after going air- 
borne on some fast runs across bumpy terrain. The long- 
travel diagonal-link arrangement at the rear wheels and 
double-trailing-arm front suspension both use five-way 
adjustable shock absorbers. Power from the 342-cc two- 
stroke engine reaches the rear wheels through a no-shift, 
snowmobile-type transmission. A single disc brakes both 
rear wheels, while drums provide stopping power at each 
front wheel. There's a beefy roll cage, and even a re- 
verse gear. This dune buggy rivals its home-built Volks- 
wagen-based big cousins in mechanical sophistication. 
If you want it to, Honda's Fat Cat (top right) will also 
take to the air. But its primary purpose is to attract new- 
comers to off-road motorcycling. With electric starting, 
an automat lutch five-speed transmission, and a 
torquey 200-cc four-stroke engine, the plump-tired $1,498 
Fat Cat can make an enthusiast out of a novice in an 
afternoon.—Stuart F. Brown 
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New from the 


Modular power tools—one power head for a variety of business ends t's an idea whose time has finally 
—have come (and gone) before. One drawback doomed the earlier sys- come: a modular tool system that 
tems: Changing the power head was a hassle. Now, two companies—Sears lets you clip a variety of work 


and Kress—have made fresh attempts at engineering modular systems. heads onto a single power pack so you 


And this time, head changing doesn't lead to head scratching. You don't ĉa” tote a portable shop to any job in 
a compact case. You avoid a tangle of 


even need a hand tool. 

Two companies have also taken a fresh look at an old shop standby, 
the radial-arm saw. From Ryobi comes the first bench-top radial; and 
Sears, with input from hundreds of users, has totally redesigned its line. 


A Modulars 
that make 
sense 


Kress Tools of America 


(1698 Post Rd. E., Westport, 
Conn. 06880) packages 
three tools plus power pack 


(shown at top, mounted on 
the orbital sander) for $125; 
drill head and sabre saw 
(below) are included. Angle 
grinder-polisher and circu- 
lar saw are extra, at $40 
and $50. The Sears system, 
next page, has the same 
basic trio (power pack is 
here shown on sabre saw, 
with pad sander and drill 
heads below). Each unit is 
$19.49 at Sears—all four in 
a fitted pouch are $85. 
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oolmakers 


power cords, and because you'd only 
use one portable at a time anyway, 
why should you buy a motor for each? 
The concept isn't new—manufactur- 
ers have previously brought forth mod- 
ular tool systems, only to drop them 
later. But now two widely different 
sources are offering cleverly designed 
clip-together modulars that make real 
sense: The system pictured on the fac- 
ing page comes from West Germany's 
Kress, while the one shown below is 
sold by Sears. 
em has a 


— 
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red-tipped lock lever on the double- 
insulated power pack that clips it, in 
turn, to drill, sander, and sabre-saw 
heads. But beyond that, the 
differ dramatically. The Sears is 
lighter weight: The '4-hp, 2.5 
power pack weighs 1'/ pounds and has 
a six-foot cord. Kress offers a 1-hp, 
4.9-amp power pack that weighs three 
pounds and trails a 9'-foot cord. 
And the two 
tems have very 


different switching: The variable- 
speed, lockable (but not reversible) 
switch for the Kress system is built 
into the power-pack handle. In the 
Sears system, each tool head has its 
own switch; different trigger 
linkages provide revers- 

ibility and speed 

Continued 


Ryobi's bench-top radial 
saw (right) is 30% smaller 
and lighter than standard 
radials. Sears' top-model 
electronic saw (below) is 
one of six in its new line. 
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variation only where appropriate. 

In the Kress system, the hand posi- 
tions sometimes required by the way 
the power pack attaches to the tool 
heads take some getting used to, es- 
pecially on the drill, where the hand- 
grip seems upside-down. 

In working with both systems, I'm 
impressed with performance—compa- 
rable to dedicated tools of the same 
power size. The ease of convertibility 
is what makes both systems viable. 
anging from one head to another 
involves no hand tools—the lock-un- 
lock device is built in. 

Light-duty work around the home? 
I'd choose the Sears system—for ele- 
gant design and easy handling. But 
you don't have the option of adding 
that nifty six-inch circular saw or 
grinder-polisher... at least not yet. 
—Al Lees 


2 Redesigned 
radials 


Totable radial 


You don’t need to have Arnold 
Schwarzenegger’s muscles to 
carry Ryobi’s new radial-arm 

saw. It’s a 53-pound bench-top model. 

The saw, called the RPM 200, is also 
a space saver: It stores out of the way 
en not in use. And it's easy to 
transport to a job site. (Though the first. 
radial to make that claim was Black 
& Decker's 65-pound folding saw 
[^What's New in Tools,” PS, Nov. '85].) 

I made a nodding acquaintance with 
the RPM 200 at a press conference but 
could not get one for testing. "There 
are only two in the country, and we 
just can't spare one now," a Ryobi 
staffer explained. 

The tool has a solid feel and a look 
of quality. The 11-amp (2-hp) motor 
drives the 8Ys-inch blade at 5,000 rpm. 
Depth of cut at 90 degrees is three 
inches; at 45 degrees it's 1% inches. 
Crosscut capacity is 15% inches; rip 
capacity: 1734 inches. An 18,500-rpm 
accessory spindle takes router bits, 
sanding drums, and molding heads. 
Dimensions: 20⁄2 by 272 by 17 inches 
(minimum height). Ryobi (1158 Tower 
Lane, Bensenville, Ill. 60106) suggests 
a selling price of $299.—V. E. Gilmore 


User-designed radial 


"Give me a more stable cutting plat- 
form." 
“Td like the controls up front, fewer 
levers and cranks, and more mobility." 
These are some of the comments 
Sears heard in a coast-to-coast survey 


[Continued on page 99] 


HVAC in a box 


Heating, ventilating, and air conditioning don't have to require 


three separate machines. This modular system does it all. 


By V. ELAINE GILMORE 
Painting by Pat Ruggero 


way. The driver loads five boxes 

onto a dolly and wheels them to 
your door. As he unloads them you 
sign the papers. 

You have just accepted delivery of 
a heating, ventilating, and air-condi- 
tioning (HVAC) system for your house. 

All that in a few totable boxes? Yes, 
and it's available today. Called the 
Vent-Aire ECS20, it is made by EDI 
(Engineering Development, Inc., 4850 
Northpark Dr., Colorado Springs, Colo. 
80907). 

The Vent-Aire begins as an air-to- 
air heat exchanger [PS, Jan. '83]. To 
that you can add a heating coil, an 
air-conditioning coil, or a module that 
handles both. One set of ductwork, one 
set of controls, and one electrical 
hookup take care of all HVAC func- 
tions—saving space, labor, and money. 

"There's nothing state of the art 
about the components of Vent-Aire," 
says Robert Thompson, vice president. 
of engineering at EDI. “But integrat- 
ing them is new. And the system is 
sized for low-energy homes." 

Such houses, especially all-out su- 
perinsulated structures, often need so 
little heat that finding a small-enough 
furnace can be a problem. So can the 
tendency of these houses to bottle 
up unhealthy pollutants. The Vent- 
Aire ECS20 solves both problems. 


The modules 


Vent-Aire's air-to-air heat exchanger 
keeps the air fresh without wasting a 
lot of energy. In winter, warm, stale 
air (ducted from kitchen and baths) 
is forced through alternating passages 
of the heat-recovery core—a sheet of 
pleated aluminum— before it is ex- 
hausted outside. In the alternate pas- 
sages, fresh air from outside flows in 
the other direction. The two air- 
Streams never mix, but heat from the 
warm stream is transferred to the cold 
stream through the aluminum. (The 
painting shows the concept, not the 
appearance, of the core.) In the air- 
conditioning season, the stale, cool air 
precools the fresh, warm air. 


T he UPS truck stops in your drive- 


STALE AIR FROM 
KITCHEN AND BATHS. 
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TO 
COMPRESSOR 
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FROM 
COMPRESSOR 
CONDENSER 


WARM, FRESH AIR TO HOUSE 


Two variable-speed (80—220 cu. 
ft./min.) blowers control airflow. The 
blower module latches onto the heat- 
recovery module with hefty metal 
locks, as does the manifold module on 
the other side. 

If you want your Vent-Aire to heat 
your house, add the energy module, a 
fin-and-tube heat exchanger through 
which hot water runs. Generally, the 
hot water is drawn from a standard 
gas- or oil-fired domestic water heater 
[see “Heat Your House with a Water 
Heater?" PS, Oct.], but any source of 
hot water will do, Thompson notes. 
EDI sells heating coils in two sizes— 
13,000 and 38,000 Btu/h. Or you can 
buy an energy module with an electric 
resistance coil (4.5 or 9.6 kW). 
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For air conditioning, you add a 
direct-expansion cooling coil, which is 
hooked to an outside condenser and 
compressor. Its capacity is 18,000 
Btu/h, or 1% tons. 

Dimensions of the air-to-air heat ex- 
changer alone are 13% by 20 by 51 
inches; it weighs 68 pounds. List price 
(with defrost option) is $778. With the 
heating-cooling module (the largest 
configuration) it's 88 inches long and 
125 pounds in weight, and it costs 
$2,109. (Size and weight exclude the 
outside coil of the air conditioner, but 
the price includes it.) 

If there's no Vent-Aire dealer in your 
area, EDI will sell directly to you. And 
the UPS truck will drop your HVAC 
system at your door. Hs 
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Build this combo 


ROOM 
AT 
THE 
TOP 


By A. J. HAND 


fter more than a few years of 
As do with various hand- 

me-down pieces, I've developed 
a clear idea of what kind of furniture 
suits my lifestyle. So when it came 
time to build a bed and desk for the 
bedroom in my new gable addition 
(“Add a Giant Dormer,” PS, July], I 
knew just what I wanted. 

First, for a firm sleeping surface, I 
wanted a platform bed. For blanket 
and linen storage, I wanted drawers 
under the platform. And for comfort- 
able in-bed reading, I wanted a pad- 
ded and slanted headboard with built- 
in bookshelves and lighting. 

What I require of a desk is a lot 
simpler: enough clear space on top to 
accommodate my pile-it-high approach 
to paperwork. The horseshoe configu- 
ration of this laminated desk provides 
a reachable area to lay out my work. 
While I store most of my files and of- 
fice supplies in the cabinets built into 
the wall, there's room for stationery 
supplies on the middle bulkhead of the 
desk’s framework. The shelf is also a 
handy bin for sweeping clutter into 
when the desk top must be cleared. 

At first glance, these projects might 
seem a little ambitious. Not to worry: 
The building tips that follow make 
both jobs easier than they look. 


Wainscoting 


Because the natural ash bed was to 
be built into the flow of the matching 
wainscoting, I chose to line the lower 
three feet of my bedroom walls. Put- 
ting up the paneling was the job I 
tackled first. 
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bedroom/study 


—clever techniques 
ease construction 


A newly finished attic was transformed into a luxurious com- 
bination bedroom and home office with clever built-in fea- 
tures. An expert reveals time-saving tips for building the 
storage bed, horseshoe desk, and handsome wainscoting. 


The type of paneling I used has the 
look of genuine frame-and-panel wain- 
scoting, but it’s nowhere near as dif- 
ficult or costly to install. All you do 
is put up the “panels” using ¥%-inch 
veneer-faced plywood. Because you 
crosscut each sheet into three equal 
panels, a single sheet covers as much 
as 12 linear feet of wall. Only a few 
sheets are needed to do the job. After 
the panels are up, “frames” made from 
solid 34-inch matching stock are ap- 
plied over them. 

Some tips: After crosscutting the 
plywood panel into three equal 
lengths, snap a chalk line along the 
wall 35 inches up from the floor. Using 
panel adhesive and a few nails, install 
the panels with their tops along this 
line. The panels won't quite reach the 
floor, but the frames and baseboards 
will cover this gap. 

For a 12-foot wall, three lengths will 
fit perfectly. A 10-foot wall would still 
take three panels, but you'd have to 
rip them down to 40 inches wide— 
you get the idea. When you lay out 
the paneling, be sure not to panel the 
section of wall that will take the bed. 
Put nails around the edges of the pan- 
els; they will be covered when you in- 
stall the frames. 

For really tight joints, I built my 
frames flat on the floor, using biscuit 
joinery [PS, March '85] at all joints. 
Then I screwed the frame to the wall 
as a single unit. Put the screws down 
low where the baseboard will cover 
them, and up high where the mold- 
ing beneath the chair rail will hide 
them. Aim for the studs. 

Rip the same stock to width to make 
baseboards. Shape the top edge with 


the router bit of your choice, and fas- 
ten the trim pieces in place using fin- 
ishing nails and glue. 

Moldings line the frames and give 
them a beautiful carved look. Here's 
the best way to make your own from 
solid %s-inch stock: Rout the edge of a 
board, then rip off the result to form 
a strip of molding. Next, glue and nail 
the moldings in place. Miter all cor- 
ners, and use as few nails as possible. 
Finish things off with a molding be- 
neath the chair rail. For this mold- 
ing, I used an ogee cutter in a molding 
head on my table saw. 


The bed 


Start by building the headboard's 
two tower units. Make sure the bot- 
tom edge of the shelf in each tower is 
35 inches high so it will line up with 
the chair rail on the paneling. The 
reason? The chair rail wraps right out. 
of the paneling and around the front 
of these shelves. 

Build the drawers any way you like. 
I dovetailed mine together, then set 
¥4-inch plywood bottoms into dadoes. 
Or you can simply butt-join the draw- 
ers, using glue and screws. However 
you build them, size the drawers one 
inch narrower than their openings, 
and mount them on slides such as 
those made by Knape and Vogt Mfg. 
Co. (2700 Oak Industrial Dr. N.E., 
Grand Rapids, Mich. 49507) or Julius 
Blum, Inc. (Hwy. 16-Lowesville, Stan- 
ley, N.C. 28164). 

Continued 
During the day, the gable addition 
serves as a study. At night, it’s the mas- 
ter bedroom. Light-blond natural ash 


wainscoting ties the room together. 
PHOTO BY GREG SHARKO 


PHOTO BY THE AUTHOR 


24" x Yay. 
Y" ASH PLY., 
14%" x 83/7, 
BACKED UP WITH 
Va” PARTICLEBOARI 


The bed base (inset) is a particleboard 
"eggcrate" finished to match the wall 
paneling. Assemble the parts in place, 
then screw it to the floor. Screw the 
towers to the floor, then add soffit and 
base face pieces. Cut curved cleats for 


Building the horseshoe desk 


1x3 UPRIGHTS (9) 


Desk base is framed from three identi- 
cal bulkheads connected by nine 1x3 
uprights. A layer of flexible '&-in. ply- 
wood is glued and stapled over the 
frame. Next, a layer of WilsonArt flex- 
ible Tambour laminate (inset) is at- 
tached with trowel-on adhesive. The 
top is sabre-sawed to shape and cov- 
ered with WilsonArt Solicor laminate. 
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3; x 144 


BULKHEAD ASSEMBLY 


ALL LUMBER 
IS 4^ ASH 

the backrest on a band saw, and glue 
and screw them to the inner faces of 
the twin towers; screw the kerf-cut 
backrest to the cleats. Join frame parts 
with biscuits, then add molding. Read- 
ing lights are small recessed ceiling 


12x7 
IXTURES (2) ASH P4 
(4) 


BISCUÍT 
FRAME IS %" ASH, 
2%" WIDE 


RIGHT DOOR - 
(LEFT IS MIRROR IMAGE) 


units. Headboard doors and frames are 
biscuit-joined. Shelf units attach to the 
back of each door to create disappear- 
ing night tables. Corners of shelves op- 
posite the hinges are trimmed to clear 
towers when doors swing closed. 


= 
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IULKHEAD. 
PATTERN (CUT 3) 


30"- 7 
1*WIDE RIM OF 
P'BOARD SCRAPS, 
N 


34" PARTICLEBOARD 


A couple of tricks will help you build 
the platform. You can bend the curved 
corner sections by kerfing solid stock 
or by laminating them out of about 
10 thin plies. Kerfing is the easier way 
to go. And once you apply the cap, the 
kerfs will be hidden. 

After you make the corner pieces, 
screw them to the bed platform. Then 
cut the rails to fit. Screw all these 
parts in place, counterboring and plug- 
ging over the screw heads. 

Want to know the easy way to add 
the cap? Glue and screw it on slightly 
oversize. Trim the inner face flush 
using a flush-trim bit in a router. The 
outer edge overhangs the bed rails by 
Y4 inch. To achieve precisely that over- 
hang, temporarily tack a strip of '4- 
inch hardboard to the rails, just be- 
neath the cap. Run your flush-trim 
bit along the cap with its pilot riding 
the hardboard. Then remove the hard- 
board and finish off the cap with a 
rounding-over bit. 

As a finishing touch that will pre- 
serve the light-blond look of the nat- 
ural ash, I applied three coats of 
semigloss lacquer to all of the wood 
surfaces. I prepared the wood for the 
lacquer with a coat of sanding sealer 
and a light sanding job. 

After finishing, I cut a piece of car- 
pet to fit the headboard, and fastened 
it in place with %e-inch staples. The 
headboard still looked a bit bland, so 
I stapled a small elliptical Chinese 
carpet over the base carpet. 


Assembling the desk 


Despite what you might think, the 
laminated horseshoe desk is as easy 
to build as it is to work at (see draw- 


Contrasting laminate bands can be run 
around the desk's front. About 20 im- 
provised clamps (photo at left) will hold 
them while white glue sets. Double up 
desk-top edges (above) by gluing and 
screwing l-in.-wide scraps of particle- 
board to the underside. Cut pieces 
roughly to shape with a sabre saw, fas- 
ten them in place, then trim with a 
router's flush-trim bit. 


ing). The base is nothing more than 
three bulkheads of plywood spaced on 
1x3 uprights. 

Lay out one bulkhead on a sheet of 
%-inch plywood. Cut it out with a 
sabre saw, and touch up your cut with 
rasps and sandpaper if necessary. 
Make this first bulkhead perfect; it 
will be your pattern for cutting the 
other two slightly oversize. 

Screw bulkhead 1 to bulkhead 2 
with a couple of 14-inch screws. Make 
sure bulkhead 1 lines up with the pen- 
cil outline on bulkhead 2. Now flip the 
sandwich over so the original is on the 
bottom. Take a router with a ball- 
bearing flush-trim bit and set it so 
the pilot rides against the original 
bulkhead. Rout completely around the 
second bulkhead; this will automati- 
cally trim the second bulkhead to the 
exact profile of the first. Unscrew the 
original, screw it to the third bulk- 
head, and rout it to final shape the 
same way. 

Screw the three identical bulkheads 
together into a stack, making sure 
they are in perfect register. Mark the 
positions for the nine 1x3 uprights 
on the stack. One upright goes in the 
center of the outside curve of the 
horseshoe. One goes at each of the four 
“corners” of the horseshoes. The other 
four should be equally spaced on the 
perimeter of inside and outside curves, 
as indicated on the bulkhead pattern. 

Now cut notches for these posts in 
all three layers of the stack. Make the 
notches ¥2 inch deep—and a snug fit 
for the uprights. Then disassemble the 
stack, and glue and screw the uprights 
in place, being sure to keep the bulk- 
heads oriented as they were in the 
stack. Using a square, check to make 
sure the verticals are perpendicular 
to the bulkheads. If they aren't, just 
rock the frame to one side or the other 
until they are. Countersink the flat- 
head screws about % inch below sur- 
face so they won't interfere with the 
next step. 

You'll notice that the uprights are 
set so they stand out slightly past 
the edges of the bulkheads. After the 
glue has set, take a plane and shave 
each upright down flush with the 
edges of the bulkhead, crowning each 
upright to match the curvature of the 
bulkheads. 

Now you're ready to cover the base 
framework. I used a special %-inch 
cross-grained Italian poplar plywood. 
It’s designed for this type of applica- 
tion and easily bends to a four-inch 
radius without cracking. If your local 
supplier can't order it for you, use door 
skins instead, although you may have 
to sponge them with warm water to 
get them to bend easily. If you can't 
find door skins, use ordinary 14-inch 


plywood. In this case, kerf the back 
side Ys inch deep (across the grain) at 
%-inch intervals—it should bend 
without trouble. 

Rip whichever plywood you choose 
to a 28-inch width—the height of the 
base. Draw a line down the center of 
this strip to mark a staple line for the 
center bulkhead. Also mark a center 
line down the face of the two front up- 
rights flanking the center one. With 
a dressmaker's tape, measure along 
the edge of a bulkhead between these 
center lines; this is the length to trim 
your first plywood sheet. Apply yel- 
low glue to the uprights and to the 
edges of the bulkheads between them. 

Align the end of the sheet of ply- 
wood with one center line and staple 
it in place. I used an electric stapler 
and '&-inch staples. If you use kerfed 
¥s-inch plywood, ?4-inch staples would 
be better. Press the plywood skin 
tightly against the framework and 
begin stapling it to bulkheads and up- 
rights until you reach the other cen- 
ter line. 

Now measure from the ends of this 
applied panel around to the farthest 
edge of the inside corner upright, and 
trim your second and third sheets to 
this length. 

I covered my desk in specialty lam- 
inates from WilsonArt. Once the glue 
has set, you can put the Tambour lam- 
inate on over the plywood skin. Be- 
cause it is striated, it will bend around 
these radii. I applied my Tambour so 
it stopped five inches down from the 
top of the base. I then covered the top 
five inches with contrasting bands of 
Solicor. (For more detailed techniques 
for applying laminates, see articles in 
PS, May ’85 and April ’86.) 

Now for the top. This is simple. Lay 
out and cut the top from a sheet of 
¥,-inch particleboard, and bulk up the 
edge with scraps to match the curve 
(see drawing). As shown in the photo, 
use a router to smooth contours, then 
apply laminate to the edges of the top. 
Use contact cement, and be sure to 
apply two coats to the particleboard 
edges—these are very porous. Start 
laminating at the center of the out- 
side of the curve. Run one strip as far 
as it will go to the left, another as far 
as it will go to the right. Then care- 
fully cut and fit a third piece to cover 
the gap between the first two strips. 

Trim the edge banding flush top and 
bottom with your router, then apply 
the top. Cut it slightly oversize, put 
it down with contact cement, and trim 
it to final size with your router. You 
can use a bevel-trim bit or, if you're 
working with Solicor, a Ys-inch-radius 
rounding-over bit. 

Place the top on the base, and the 
desk is ready for business. us 
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UPSIDE-DOWN 


By AL LEES 
Photos by Strode Photographers 


the single-story 1,278-square-foot 
house looked conventional enough 
when I drove up to it this past sum- 
mer through a gathering crowd. Yet 
when I joined Doug Sutherland, the 
mayor of Tacoma, Wash., in snipping 
the ribbon that opened the PoruLAR 
Science display house to the public, 
we opened the floodgates to what 
would total nearly 4,000 visitors be- 
fore the home was closed a month 
later—and sold at once for $88,000. 
What was the secret of the house's 
broad appeal? Well, it didn't hurt that 
Tacoma's energy department had com- 
puted total heating costs at $60 a year 
(an average of $5 per month)—and 
that's without any major solar 
input, active or passive, since 
the Puget Sound area isn't 
noted for sunny days. But the 
area isn't noted for frigid win- 
ters or high fuel costs, either, 
so there had to be more to the 
appeal than energy efficiency. 
What had initially attracted 
me to the project was that its 
vigorous, progressive young 
builder, Steve Rich (president 
of Commencement Bay 
Construction Co), had 
combined in a single house 
the best aspects of PS 
building-technology cover- 
age over recent years. 
Choosing one of the 21 
plans from the American 
Plywood Assn.’s “Build a 
Better Home” portfolio, Rich 
had engineered the house to 
meet all the goals of Taco- 
ma’s own Super Good Cents 
energy program, based on 
conservation standards of 
the Bonneville Power Ad- 
ministration. This also qualified the 
house for Owens-Corning’s Thermal 
Crafted Home label, and packed the 
project with construction innovations: 
* An all-wood foundation, with a 
raised wood floor on special trusses. 
* A new airtight drywall approach 
(ADA) that eliminates air infiltration. 
* Zoned heating with forced-air 
electric wall heaters. 
* Advanced framing techniques 
with all structural members 24 inches 
Continued 


E xcept for its concrete-tile roof, 
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No skimping on amenities here: 1) Patio 
door in master bedroom gives onto a 
private deck. 2) West wall's large bump- 
out has a glass roof that's a skylight 
for the shower. 3) Smaller bump-out is 
the kitchen's greenhouse bay. 4 & 5) 
Partition walls (except around bed- 
rooms) stop short of the cathedral ceil- 
ing to add spaciousness. 6) Dormer is 
a sun scoop for the living-room ceiling. 


a wood foundation and concrete roof rather than the usual re- 
verse situation, and roof-type trusses hold up the floor. Other surp 
include a gasketed drywall system that needs no vapor barriers, a 
plywood lap siding, and a monthly average heating bill of $5. 


on center (OC), saving 20 percent on 
lumb sts and creating larger cav- 
ities for insulation—for ratings of R- 
19, R-30, and R-38 in walls, floors, and 
ceilings, respectively. 

de use of oriented strand board 
(OSB) sheathing for the walls, floor, 
and roof deck. 

* Showcasing new low-maintenance 
roofing and siding products. 

In conventional building, the roof 
is often wood shingles over a tru: 
supported plywood deck. Here, truss- 
supported panels form the floor of the 
house as well (the technique is called 
the Bowen System; see following ar- 
ticle) and tie into a permanent wood 
foundation 

At the opening ceremonies, I asked 
Rich how many of these innovations 
he'd retain in future projects. 

“T plan to stay with wood founda- 
tions and the airtight drywall," Rich 
told me. "As far as cost effectiveness 
goes, I think ADA runs about equal 
to tacking up polyethylene. 

“I expect that each time we build 
an ADA house, installation will go 
faster. ywall hangers arent crazy 
system because they ha 
ather than nails to keep 
snug against the gaskets. 
tem does, of course, make 
o I include an 


place I installed has its own outside 
combustion air. Pd say the tightness 
of our envelope is the main contribu- 
$5-a-month heating cost." 
contributor may be less 
popular with some homeowners 
windows have been kept to a mini- 
mum. Note on the floor plan that the 
rear wall is totally blank, and the only 
windows in the right wall bring a bit 
of daylight to the two bedrooms. This 
can help fuel economy if these "blind" 
sides of the house are sited north or 
into prevailing winter winds. The 
other two walls are more open, and 
skylights are cleverly used. 
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All-wood foundation fies 
info truss-supported floor 


Pouring footings for this house was a 
simple one-day job, and then the foun- 
dation went up, despite a spell of nasty 
weather in one more day What 
speeded the process? Pre-engineered 
trusses set on pressure-treated sill 
plates bolted to the perimeter footings 
and to a central footing strip down the 
middle of the floor plan. Because this 
plan is a simple rectangle, the trusses 
go up fast—24 inches OC—and are 
quickly clad in pressure-treated ply 
(for the foundation walls) and OSB (for 
the platform floor). 

This novel approach, called the 
Bowen system after the Alaskan com- 
pany that designed it, creates a raised 
wood floor with a crawl space 
beneath—the type of floor most home 
buyers prefer (over slab-on-grade) for 
comfort and energy efficiency. A raised 
wood floor is easier to insulate and 
loses no heat through direct contact 
with the ground. The system is man- 
ufactured and sold throughout the U.S. 
by local roof-truss plants, and can be 
adapted to more complex floor plans. 

This new system is practical because 


of preservative treatments that make 
lumber and plywood virtually rot- 
proof. (Note APA's term: permanent 
wood foundation.) The system also pro- 
vides the ideal platform for advanced 
framing techniques, which minimize 
lumber costs and maximize insulation 
by using 2x6 studs and special roof 
trusses all set 24 inches OC. Because 
each structural member sits directly 
atop the supporting member below 
(roof truss aligned with stud, aligned 
with floor truss), expensive “load- 
transfer" members, such as doubled top 
plates, built-up headers, and cripple 
studs, can be omitted. 

Most of this foundation will be bur- 
ied in backfill, so installation is criti- 
cal to avoid ground-water leakage. 
Before the treated plywood is nailed 
on, beads of waterproof sealant are 
run along the mud sill and uprights 
where panels butt. 

OSB is an upgraded version of 
waferboard, where alternating layers 
of strand-like wafers are laminated at 
right angles, like the veneer grains 
in plywood. The long edges are t&g. 


R-19 INSULATION BATTS 2x6STUDS SET 


DIRECTLY OVER FLOOR AND NAILED SUBFLOOR. 


OSB WALL SHEATHING. 


TYVEK AIR-INFILTRATION — 
BARRIER 


8' PLYWOOD. 
LAP SIDING 


FLASHING AND. BA 


TRIM BOARD 


BACKFILL 


GRAVEL OVER DRAIN TILE 


PRESERVATIVE-TREATED 
PLYWOOD FOUNDATION 
PANELS 


Drawing above and these six photos 
show how the floor is erected on a 
wood foundation and the Bowen truss 
system: 1) Concrete is only used for 
footings, which must be level since pre- 
engineered trusses sit atop them. 2) 
Trusses tip up one by one and are 
nailed in place top and bottom. 3) 
Beads of adhesive sealant are run 
along the footing plate and uprights be- 
fore preservative-treated plywood is 
nailed with stainless-steel fasteners. 
Joints between panels are caulked. 4) 
OSB subflooring is glued and nailed to 
the joist chord of each truss. 5) Wood 
foundation can be installed in wet 
weather. Here gravel is shoveled atop 
drain tile. 6) Felt is laid atop gravel so 
backfilled earth won't filter down. 


Perhaps the greatest innovation in the 
PoPuLARScIENCE house isone you can't 
see. When I visited the site during 
construction, I watched the work crew 
tapping drywall ceiling panels through 
gaps between the top plate of the 
partition-wall framing and the roof 
truss above. After the panel was in 
place, they cut a snug hole in it for 
the plumbing stack, then carefully 
caulked around the pipe they dropped 
through. 

“The drywall must be continuous in 
any ADA project," builder Rich ex- 
plained. “The trick is to avoid every 
seam you can—and to seal every 
penetration." 

ADA is the brainchild of Joseph 
Lstiburek, president of Toronto's Build- 
ing Engineering Design Corp. “ADA 
uses gypsum board and various com- 
ponents of the building envelope as 
the air barrier system," says Lstibu- 
rek. "The function is prevention of 
through-the-envelope air leakage to 
reduce energy consumption and con- 
densation problems. If the movement 
of moisture-laden air into a wall as- 
sembly is eliminated, movement of 


R19 
INSULATION 
TTS 


Airtight drywall system 
eliminates vapor barrier 


OSB STURD-I-FLOOR, GLUED 


24" FRAMING SYSTEM — 
BOWEN PRE-ENGINEERED 
FLOOR TRUSSES 24” OC 


PERIMETER CONCRETE 
FOOTING 


DRAWING BY CHUCK PRICE 


moisture by vapor diffusion is not 
likely to be significant.” 

To prevent air leakage, drywall pan- 
els on all walls that face the weather 
are set against foam gaskets. (Sill 
plates for these walls are already laid 
on double beads of caulk.) Gasketing 
is applied, as well, around every win- 
dow and door opening. Because the 
gaskets are compressed, any later shift 
of the wall just lets them expand to 
keep all joints sealed. Lstiburek claims 
that this procedure makes it unnec- 
essary to apply a standard vapor bar- 
rier under the drywall as long as you 
apply several coats of a low- 
permeability paint. (Some brands, 
such as Glidden's Insul-Aide, are pro- 
moted as vapor-barrier paints.) 

There remains some controversy 
about eliminating a polyethylene 
vapor barrier, however. Lstiburek 
makes a distinction between a vapor 
barrier and an air barrier because any 
material or system that’s used as an 
air barrier must be continuous. Any 
seam-gap or void in the material de- 
feats its purpose. Vapor barriers, on 

Continued 
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the other hand, don't have to stop dif- 
fusion completely to be effective. 
Lstiburek points out that while sheet 
polyethylene is a good “vapor diffu- 
sion retarder" (a term he prefers to 
“vapor barrier"), it is a poor air barrier. 
ADA is an effective air-barrier system 
but still requires a vapor diffusion 
retarder, which could be sheet polyeth- 
ylene or aluminum foil, instead of 
three coats of low-perm paint. 

“I used no polyethylene barrier in 
this house," Rich told me. “The ADA 
system is simpler to get right. You 
avoid having to staple six-mil film to 
the studs, caulking all overlap joints 
and trying to seal the film around 
punctures for electrical outlets and 


rough plumbing." [^8] B19 WALL INSULATION 
x . 


How to order house plans 24'0.C. 


You can buy complete construction plans by sending a check to Amer- 
ican Plywood Assn., Dept. PS 12/86, Box 11700, Tacoma, Wash. 
98411. Specify PS Energy House and the number of sets wanted: 
One set is $94; four sets, $150; eight sets, $195. Allow four weeks. 


‘SUPPLIERS’ ADDRESSES 

The following suppliers were chosen for participation in this project: Bowen System, 5520 
Lake Otis Pkwy, Anchorage AK 99507 (floor trusses); Bruce Hardwood Floors, 16803 Dal 
las Pkwy, Dallas TX 75248 (flooring); Cochrane Northwest, 1916 Marc St., Tacoma WA 
98421 (WilsonArt laminate); Domestic Supply Co., 6750 S. 180th St., Seattle WA 98188 
(Merillat cabinets); Marley Electric Heating Co., Orting WA 98360 (wall heaters); Monier 
Roof Tile, Box 5567, Orange CA 92667 (concrete root tile); Owens-Corning Fiberglas Corp., 
Fiberglas Tower, Toledo OH 43695 (insulation): JCPenney Co., 1301 Ave. of the Americas 
New York NY 10019 (interior furnishings); Perma-Door by American Standard, 9017 Blue 
Ash Rd.. Cincinnati OH 45242 (entry door); Preway, 1430 Second St. N., Wisconsin Rapids 
WI 54494 (heat circulating fireplace): Quantum Wood Windows, 2720 34th St.. Everett WA 


TRUSS "HEEL" TO ALLOW 
FOR INSULATION DEPTH 


R-19 WALL INSULATION 


98201 (windows); Senco Products, 8485 Broadwell Rd., Cincinnati OH 45244 (construc 
tion fasteners); Thermal Efficiency, Box 1869, Seattle WA 981 1 1 (air-to-air heat exchanger) 
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PRE-ENGINEERED ROOF 
TRUSSES, 24° O.C. 


R-38 INSULATION BATTS 


CONTINUOUS BEAD OF 
CAULK AT TOP OF WALL. 


2x 6 STUDS, 24° 0.C. 


LATEX-PAINT VAPOR 
BARRIER 


CONTINUOUS DRYWALL 
CEILING 


ae 


‘SEALANT AROUND ALL 
PLUMBING PENETRATIONS 
VENT CONNECTION MADE 
AFTER DRYWALL CEILING 
INSTALLED 


‘SPACE BETWEEN BASE OF 
TRUSS AND TOP PLATE OF 
PARTITION 


CARDBOARD INSULATION 
BAFFLE 
OSB ROOF SHEATHING 


PRE-ENGINEERED ROOF 
TRUSSES (24° 0.C) 

SET DIRECTLY OVER WALL 
STUDS, WITH RAISED 
"HEEL" FOR INSULATION 
DEPTH 

LET-IN HEADER AT 

WINDOWS AND DOORS 


TYVEK AIR-INFILTRATION 
BARRIER 


DRAWING BY CHUCK PRICE 


ADA is detailed in drawings above and 
in photo 3. 1) Preassembled gable ends 
and trusses are lifted onto top plates 
by crane, then tipped up one by one 
and nailed. 2) OSB roof and wall 
sheathing is complete, ready for batt 
insulation; cardboard baffles will keep 
the air channel clear from soffit to 
ridge for attic ventilation. 3) Foam 
gasketing is applied to the frame of the 
kitchen greenhouse bay—part of the 
airtight system; when drywall is 
screwed onto studs, the gaskets com- 
press. 4) Concrete roof tiles are nailed 
to the dormer, one nail through a hole 
provided at top of each tile; note other 
tiles stacked on the main roof. 5) Lap 
siding is applied 6 in. to the weather, 
right over the Tyvek wrap. 


On-the-Road Protection 


Give Your Serious Driver Extra Road Insurance This Christmas 
With These Affordable Electronic Gifts from Radio Shack 


Y Micro- Size Dual-Conversion, Dual-Tone Radar Detector ? 


199% The Micronta Road Patrol XK® may be small, but it's a 


performance giant! GaAs Schottky-barrier diode front-end 
and dual-superhet design provide incredible sensitivity. Our 
exclusive FAST" circuit greatly reduces interference from 
other detectors. Separate X and K band warning tones pulse 
faster (or slower) to indicate relative distance to radar. With 
carry case, visor mount, two power cords and mounting 
hardware. 12VDC neg. gnd. 422-1617 


Fits in Your nl 


[9 
Protects Your Car 
24-Hours a Day 


Mobile Alert® instantly warns you—but not the intruder—of tampering. Just attach car radio 
antenna to transmitter and mount sensors on door posts. Alarm signals pocket receiver up to 
two miles away! Connect an optional siren and Mobile Alert will trigger it or the receiver, or both. 
Digitally encoded system can also be used as a pager. Includes mounting hardware and 
installation instructions. Receiver requires 9V battery. Transmitter 12VDC neg. gnd. 449-791 


$ 9, 
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ee Easy to St O | FREE 1987 Catalog! | 
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EX p? p 24 natal | 300 One Tandy Center, Fort Worth, TX 76102 
Low cost protection! Mounts easily Connect to your existing auto or | NAME. | 
under hood and senses movement home alarm system to help deter in- STREET | 
which may indicate tampering by truders. You can select either steady | | 
thieves. Sensitivity adjusts to help re- or rise-fall sound from the 51/4” horn I 


duce false alerts. Add to the system 


above for extra protection. Normally 
open circuit. #49-520 


speaker. Loud 106 dB at 10 feet. 
Weatherproof housing. Requires 
12VDC. #49-488 


Rad. wh 

regulated by state or Pc lew Na ad EV e sons for 
mobile use is prohibited in California and certain other 
states; check local regulations. Prices apply at participat- 
ing Radio Shack stores and dealers. 


Car-care quiz 


The PS auto pro challenges you with three tough problems: 


clouds of blue exhaust smoke; 


intermittent power loss and 


stalling; and poor idle coupled with automatic-shifting woes. 
If the puzzles baffle you, turn to the answers that follow. 


By STEVE MERCALDO 


Problems 


1 Smoky exhaust 

The price is right for a car equipped 
with a V6 turbocharged engine, five- 
speed transmission, power brakes, 
power steering, and air conditioning. 
And above all, the odometer registers 
low mileage. The deal is too good to 
pass up, so you buy the car. 

For the first few months the car per- 
forms exactly as the former owner 
promised. It handles like a sports car, 
even though it's a coupe. It is com- 
fortable and fun to drive, and when 
the turbo kicks in, it takes off like a 
rocket. But then you notice that blue 
smoke has begun to trail from the tail- 
pipe. At first the smoking is hardly 
noticeable, but within two weeks it 


has become profound. You begin to 
fear that agents of the Environmen- 
tal Protection Agency will impound 
your car if they see you driving it. 
A call to the former owner brings 
no sympathy. First he reminds you of 
the terms of the sale: “as is.” Then 
he assures you that he has never 
had any trouble with the car blowing 
blue smoke. 

Two other problems come along with 
the heavy smoking: The engine is los- 
ing power, and it consumes a quart of 
oil every 200 miles. Being a little short 
on cash, you decide to repair the car 
on your own. 

The first clue to the problem sur- 
faces when you remove the spark plugs 
in preparation for a compression test: 
The center electrodes of all the plugs 
are covered with carbon. You compare 
the plugs with those on a diagnostic 
chart in the manual and confirm your 
suspicions—the plugs are oil fouled. 

With this evidence in hand, you 
guess that the compression test will 
pinpoint a bad set of pis- 
ton rings. But when the 
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test is completed, you’re 
surprised to find each cyl- 
inder's pressure well with- 
in the specified range. 
The repair manual de- 
scribes several other 
causes of excessive oil 
consumption and blue 
smoke, so you move on to 
the next item on the list: 
valves. To inspect the 
valve-train parts, you re- 
move the valve covers. Your 
first look inside the engine 
is encouraging. The top of 
each cylinder head and its 
valve-train parts are ex- 
ceptionally clean. The oil- 
return holes in the heads 


The engine stalls intermit- 
tently, and the fuel lines 
and filter are fine. Even 
replacing the pump relay 
doesn’t cure the problem. 
Where's the fault? 


are clear, ruling out the possibility 
of oil collecting under the valve cov- 
ers and being drawn into the com- 
bustion chamber past the valve stems 
and guides. In addition, there doesn't 
appear to be any broken valve parts. 
The springs, guides, rocker arms, and 
push rods are all in good condition. 

The engine uses umbrella-type 
valve-stem seals. It doesn't take long 
to test each seal for damage. None are 
brittle or loose fitting. And none are 
cracked or broken. Engine compres- 
sion and the valve-train parts check 
OK. What next? You decide there is 
only one thing left to do—tear down 
the engine piece by piece. You are con- 
vinced you'll find the damaged part 
or parts as the engine is disassembled. 

Following the step-by-step proce- 
dure in the repair manual, you begin 
the tear-down. Wires, vacuum hoses, 
and tubes are labeled and removed. 
After draining the cooling system, 
you remove the turbo, distributor, al- 
ternator, cooling hoses, and other 
accessories. 

You discover something unusual 
when the intake manifold is unbolted: 
Its interior passages are covered with 
oil. Could the intake-manifold gasket 
be causing the problem? You know 
that a torn gasket could allow oil to 
be drawn through the manifold and 
into the combustion chambers. A care- 
ful examination rules out the possibil- 
ity of oil leakage past the old gasket, 
however. The gasket is undamaged. 
What's causing the oil burning and 
blue smoke? 


2 Rough-idling engine 

The V8 engine in your lovingly main- 
tained 10-year-old sports car just isn’t 
performing up to par. When you stop 
for a traffic light, the power plant feels 
as though it is misfiring. The idle is 
really rough. You discover, however, 
that when engine speed is increased, 
the roughness seems to diminish. 

Heading home, you notice some- 
thing else: The automatic transmis- 


sion doesn't upshift at the correct speed. 
Instead of shifting from first to second 
gear at 10 mph, it changes gears at 
25 mph. The second-to-third-speed up- 
shift is also late. 

It doesn't take too long to find one 
reason for the rough idle: Performing 
a power-balance test, you discover that 
the number-eight cylinder is dead. 
When you remove its high-tension wire 
from the spark plug with the engine 
at idle speed, the rpm remains the 
same. You do notice, however, that a 
sharp blue spark jumps across the air 
gap between the cable terminal and 
the spark plug as you pull the cable 
away from the plug. 

Surprisingly, this plug isn't covered 
with carbon. In fact, its electrodes look 
exceptionally clean for one that has 
been in the engine for about 9,000 
miles. Even though the plug looks good, 
you exchange it with one from another 
cylinder and restart the engine. Num- 
ber-eight cylinder is still down. 

Next you inspect the distributor cap. 
It appears to be in good condition: There 
are no cracks, burn marks, carbon 
tracks, or corrosion buildup on any of 
the terminals. The rotor also looks 
good. You decide to remove the re- 
maining seven spark plugs and do a 
compression test. You find that the 
cylinders—even number eight—reg- 
ister pressure well within the allow- 
able range. You finish by installing a 
new set of plugs. 

Even though the compression checks 
OK, could a valve-train problem like 
a worn cam lobe be the culprit? To 
check out this theory, you remove the 
valve cover on the right side and re- 
start the engine. As the engine idles, 
you carefully observe the moving rock- 
er arms and valves for the number- 
eight cylinder. None are taking short- 
er strokes. With the engine shut down, 
you look for a broken valve spring. 
Both springs pass the visual inspection. 

With the engine back together again 
and running at idle speed, you make 
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another discovery. If the choke plate 
is held closed about halfway, the en- 
gine picks up speed and the roughness 
settles down a bit. Perhaps the car- 
buretor has lost its adjustment and is 
running too lean? You readjust the 
carb to specification following the steps 
in the manual. The idle does improve 
slightly, but there is still a noticeable 
roughness in the engine. When you re- 
test the power balance, the number- 
eight cylinder is still not contributing 
to the overall output of the engine. You 
move on to look for another possible 
fault—a vacuum leak. 

To rule out the possibility of an in- 
take-manifold air leak at the number- 
eight cylinder, you start the engine 
and spray carburetor cleaner around 
its branch on the intake manifold. En- 
gine rpm is not affected by the spraying. 
To double-check for a loose manifold 
bolt, you follow the tightening se- 
quence and test each bolt with a torque 
wrench. All pass the test. Using the 
emissions vacuum decal as a guide, 
you check each hose that connects to 
the intake manifold for routing, con- 
dition, and fit. All vacuum hoses ap- 
pear to be in good shape and are rout- 
ed correctly. 

You've done all you can to find the 
misfire and have come up empty-handed, 
80 you turn your attention to the trans- 
mission problem. Could the delayed 
shifting be caused by a low oil level? 
Or maybe the oil is dirty or the trans- 
mission filter is clogged? You're not an 
expert when it comes to an automatic 
gearbox, but you can perform some 
routine service steps. 

The oil level is up to the full mark 
on the dipstick, and the oil looks clean 
and has no abnormal odor. Just to be 
sure, you change the transmission oil 
and install a new filter and oil-pan 
gasket. When you road-test the car, 
the transmission still upshifts late. 

You're puzzled. Number-eight cylin- 
der is dead, yet the compression and 
spark to the cylinder are fine. Even 


the manifold is free of any apparent 
air leaks. And what about the late 
shifts of the transmission? Both con- 
ditions seemed to surface at about the 
same time. Could the dead cylinder 
and shifting problem be related? Study 
the diagram of the engine and see if 
you can spot a clue. 


3 Intermittent stalling 

During the past few weeks, your car 
has developed a perplexing problem: 
Sometimes the engine loses power and 
then stalls. The malfunction has oc- 
curred at various engine temperatures 
and at different vehicle speeds; there 
is no set pattern. Just the other day, 
the engine quit at 55 mph on the in- 
terstate and you had to coast onto the 
grassy median. Then, just as it had 
done on every other occasion, it started 
within a minute when you cranked the 
engine. You continued on your way 
without even the slightest stumble. 

You clearly recall the first time the 
engine died unexpectedly. You were 
driving along the highway when the 
engine began to lose power. Respond- 
ing to instinct, you eyed the instru- 
ment panel. Two instruments caught 
your attention: The fuel gauge read 
half-full and, surprisingly, the oil- 
pressure warning light was glowing— 
even though the engine was still run- 
ning. Finally, the engine quit and you 
aimed the car toward the roadside. 

Thinking about what happened, 
you felt certain that either the gas 
filter was clogged or the in-tank elec- 
tric fuel pump was at fault. But when 
the fuel filter was removed, it looked 
clean, and when you put a piece of 
hose to its opening and blew into it, 
air flowed through freely. The second 
possibility also fell flat: When tested 
according to the manufacturer's spec- 
ifications, the fuel pump's pressure 
and delivery rate were correct. 

To check for dirt or water contam- 
ination, you let the fuel collected dur- 
ing the volume test settle for about 
five minutes. Examining the fuel sam- 
ple, you found no signs of dirt or water 
at the bottom of the container. At this 
point, you were baffled. It certainly 
had seemed that the engine was starv- 
ing for fuel each time it quit. But after 
ruling out several possible faults, you 
felt it was time to look elsewhere. 

You continued trouble-shooting by 
testing engine compression. It was OK. 
So you installed new spark plugs, a 
distributor cap, spark-plug cables, and 
a rotor. Next, you checked the distrib- 
utor pickup coil and wires with an 
ohmmeter. All tested out. You even 
went a step further and replaced the 
ignition coil and electronic-control 
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Car-care quiz continued 


module. The major tuneup didn't solve 
the problem. 

Heeding the recommendation of a 
friend who was convinced there was 
dirt or water in the carburetor, you 
removed the carburetor and took it to 
a rebuilder. When you picked up the 
reconditioned unit, you asked whether 
any unusual amounts of foreign mat- 
ter were found in the carburetor float 
bowl. The answer was no. In fact, the 
rebuilder asked you why the carbu- 
retor was condemned. He said that ex- 
cept for some dirt on the outside, the 
carburetor was in good condition. No 
gaskets, valves, or diaphragms were 
broken. The rebuilder was sure the 
overhauled carburetor wouldn't solve 
the problem. He was right: The engine 
lost power and quit again two days 
later. 

You decided to look at the fuel- 
delivery-system wiring diagram, hop- 
ing it would shed some light on the 
problem. Afterward, carefully check- 
ing over the circuit, you found that 
each terminal and wire was free of cor- 
rosion, and all connections were tight. 

Studying the diagram a second time, 
you thought: Is it possible for the fuel- 
pump relay to stick intermittently and 
stop current flow to the pump? Think- 
ing you had found the answer, you in- 
stalled a new relay. One hour later, as 
you were driving, the engine lost pow- 
er and then quit once again. What's 
causing the intermittent stalling? 


Solutions 


4 The excessive amounts of blue 
smoke and abnormal oil consumption 
are both caused by a defective turbo- 
charger. Oil is leaking into the com- 


pressor side of the turbo and is being 
pushed into the intake manifold. Once 
in the manifold, the oil mixes with the 
air-fuel mixture, then enters the cyl- 
inders and burns. Oil in the intake- 
manifold passages was the clue that 
identified the problem. Replacing the 
turbo is the cure. 

This kind of trouble begins when oil 
leaks past the spinning turbocharger 
shaft and enters the turbine or com- 
pressor housing. Either way, expect 
oil-burning and blue smoke. Common 
causes of turbo-related oil consump- 
tion include a defective shaft or seals, 
loose shaft bearings, or a broken shaft. 
Abnormal noise will accompany a bro- 
ken shaft, loose shaft, or defective bear- 
ings. Insufficient lubrication can cause 
any of these problems. A typical turbo 
can turn at speeds exceeding 100,000 
rpm, so its shaft and bearings must 
constantly be lubricated with fresh oil. 


2 The misfire at number-eight cyl- 
inder and the delayed shift pattern are 
both caused by the same fault: a break 
in the vacuum tube that connects the 
automatic-transmission modulator to 
the intake manifold. The leak could be 
in the metal portion of the tubing or 
at one of the neoprene vacuum hoses 
that connect the metal tube to the mod- 
ulator and intake manifold. A break 
in any part of the line will have the 
same result: abnormal shifting and a 
miss at one or more cylinders. 

Why the misfire at cylinder eight? 
Reexamine the diagram, and note how 
the modulator vacuum line connects 
to the intake manifold at the number- 
eight cylinder. A vacuum leak will 
allow air to be drawn into the mani- 
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The turbo is lubricated by oil from the 
crankcase. Here, oil leaks past a de- 
fective seal into the compressor hous- 
ing. It then burns in the engine. 
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Protect Your Home From 
Burglars 24 Hours A Day. 


New Micro-computer Security a 
System stops burglars before À 
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Once inside your 
home, a profes- 
sional house-breaker 
takes only minutes 
for life-threatening 
assaults and property 
destruction. 
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moments are needed 
to rip off cash, 
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choose a home protection system that stops 
burglars and vandals BEFORE they get in. 
Protect your home with a Perim-A-Tron™ 
Security System from Universal Security 
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manufactured security equipment for 25 years. 
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processors, making it the most advanced 
System available for consumer use. Perim- 
ATron can call for help automatically if a 
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cost an arm and a leg. 


Installs in minutes without tools. 
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based, operating it is simple even for a 
child. When you leave, a light on the con- 
sole confirms that the system is properly 
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to enter and disarm the system. All other 
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lation or pets while alarm is armed. Your 
personal 3-digit code disarms the system. 
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At a break-in attempt, dual speakers blast 
an alarm. But that's not all. Perim-A-Tron is 
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Use computerized Perim-A-Tron to pro- 
tect your family while you sleep and your 
home while you're away. If you're not con- 
vinced within 30 days that you've purchased 
the most advanced, efficient and econom- 
ical security system available, simply return 
the unit undamaged for a complete no- 
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Each Perim-A-Tron includes control con- 
sole, three door/window transmitters and 
white, weatherproof 95-decibel remote horn, 
window decals to warn that your house is 
protected and easy to follow instructions. 

You can't afford to leave your family, 
home and valuables unprotected. Now, 
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Car-care quiz 

Continued 

fold at that point. The extra air being 
delivered to the cylinder tends to lean 
the air-fuel mixture. 

When the air-fuel mixture to a par- 
ticular cylinder is too lean (too much 
air, not enough fuel), the spark plug 
will fire, but the mixture will not ig- 
nite. The result is a misfire or an in- 
operative cylinder. Keep this in mind 
when trouble-shooting a dead cylinder 
where compression and spark check 
out OK. Knowing which cylinder or 
cylinders are missing is an aid to find- 
ing the vacuum leak. If the miss is at 
only one cylinder, check for an air leak 
at the manifold branch that feeds that 
cylinder. If more than one cylinder is 
dead, check for a leak at the branches 
of the intake manifold that feed those 
cylinders. Also look for a loose carbu- 
retor or throttle body. 

Another common cause for a vac- 
uum leak is a faulty vacuum-operated 
device such as a power-brake booster, 
or a blend-door vacuum actuator for the 
heater and air-conditioning system. 

Why is the automatic transmission’s 
shifting action affected by the broken 
vacuum line? When an automatic trans- 
mission is equipped with a vacuum 
modulator, its shift points (the speeds 
at which it upshifts from one gear to 
another) are directly related to engine 
intake-manifold vacuum. 

The modulator is a vacuum-operated 
device that senses how hard the engine 
is working. It reacts to changes in en- 
gine vacuum by moving a spool-type 
modulator valve inside the transmis- 
sion. Movement of the valve changes 
oil pressure in the transmission, caus- 
ing a shift-point change. 

High vacuum at the modulator, 
which occurs under light engine load, 
results in a normal shift pattern. Un- 
der high engine load, such as when 
climbing a mountain or rapidly accel- 
erating, low vacuum causes a delayed 
shift that allows the engine to gener- 
ate more torque and power. When the 
sports car’s vacuum line broke in this 
case, the modulator sensed low vac- 
uum all the time and delayed the 
upshifts. 


3 The engine-oil pressure switch is 
defective and is intermittently turn- 
ing off power to the electric fuel pump. 
The glowing oil-pressure warning 
light tipped off the problem. Whenever 
the oil light triggered, the fuel pump 
cut off and fuel flow to the carburetor 
stopped. The engine continued to run 
briefly only because there was fuel 
stored in the carburetor float bowl 
—then it died. The switch is a safe- 
guard designed to prevent engine 
damage by shutting the power plant 
down when oil pressure drops below 
about 3 psi. 
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Auto Detent Valve, #2020... 
4x24x2" Welded Cyl., #90242 
5x24x2" Tie Rod Cyl., 4909524 
Much More in Stock at Low Discount Prices! 


SUPER TOUGH 


Heavy Duty Log Splitters 
SALE! 


16 Ton Model, #1134, .$789.00 Ideal for home- 
New! 20 Ton Vertical, #1160......... $834.00 owners. farmers RH md 
24 Ton, Low Profile. #1142......$1329.00 contractors & att Rate 


* Comes with 2-stage pumps, heavy duty slides Heat vacationers. Sturdy 


& beams and large oil tanks. Magnet 1 Year Warranty Protective 
Clings to any magnetic Cradle! 
iron or steel surface Generators a 


| 4000 Watt. 8 Hp. Briggs. 33 amps @ 120 V. 16.6 
| amps @ 240 volts. List $1009 00. Items 16402 
SALE! $397.95 
4000 Watt, w/elec start. List $1143 Items 16403 
SALE! $485.00 
5000 Watt. 11 Hp. Briggs. 42 amps (? 120 V. 21 
amps @ 240 volts. List $1174 00. Items 16404 
SALE! $599.00 


5000 Watt, w/elec start. List $1299. Item4 16405 

$699.00 
Heavy Duty Tarp Sale (1 Year Warranty on Above Generators) 
Engines 3 Our Tarps are TOUGH! Up to 12 Mil 


Horizontal 
5 Hp. Tecumseh "shaft. #6051 Thick, Not 6 Mil Like So Many Others 


Provides heat for pipes, 
pumps. engine oil pans & 
many other uses. Ship 
Wt. 1 Ib, List $25.00. 


ltem# 17101 $15.50 


Gas Engines 
Always the Lowest Prices 
And the Largest Selec’ 


INFRA-RED HEATERS 
MR. HEAT-IR 

11,000 Btu. maintains constant 
heat output to-30 . Adjustable Ship 
Wt 6 Ibs. List $87.95. 

items 1726........... $39.95 
MR. DOUBLE HEAT-IR 

Two burners. 6.000 to 24.000 Btu. 
Adjustable. Ship Wt 14 Ibs. List 
$167.00 


teme 1727.........$89.95 


(tanks not included) 


Sale 
Item# Size Price 
1770 6x8 $2.69 
10Hp. Tecums: £ : 1771 8x10 — 4.95 
3-20 Hp. Horizontal & Vertical engines av 1772 10x12 — 5.95 

SUPER LOW DISCOUNT PRICES! 1773 12x16 — 9.95 


Strong rot, rust & 1774 12x20 12.95 
Send For mildew proof poly- 1775 16'x20 19.95 
Your FREE 


ethylene tarps with 1776 20x30 39.95 
brass plated grom- 1777 30x40 69.95 
mets every 3 ft. 1778 30x50 89.95 
Sizeslist are cut size 1779 30x60 99.95 


S ! BARREL STOVE KITS  ,, a 


V STANDARD KIT, 100% cast iron and will 


Dept. 64805 


801 East Cliff Road, Box 1219, Burnsville, Mn 55337 
Call our order dept. at 1-800-533-5545 
In Mn call 612-894-8310 

N.C. & S.C. residents. visit our Charlotte store! VISA” ; DOUBLE BARREL KIT, pen Ep vid 3 
Phone Orders ‘i above kit will convert it into a double 
we. The seconda! jases are 
Prices Expire a anean Ei aereis gemere 

12/31/86 We Ship UPS, Bus or Truck pit I they travel through the top barrel. 

s r á 


q convert any 55 or 30 gallon barrel drum 

wesecas| , into an efficient and economical wood 
V burning heater. A SUPER VALUE! 

V #15056, wt 32 Ibs, Lists49.95....$19.95, 
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same sentence can have the same os- 
tensible grammatical structure, but 
totally different meanings. Take the 
sentence “The chickens are ready to 
eat." Obviously something is ready to 
eat something else. But are the chick- 
ens or their feed ready to be eaten? 

Semantic ambiguity arises when a 
phrase can play different roles in the 
overall meaning of a sentence. *David 
wants to marry a Norwegian," for ex- 
ample. Does David want to marry a 
particular smashing blonde named In- 
grid, who happens to be a Norwegian? 
Or is he casting about for any old Nor- 
wegian? The difference, according to 
Winograd, is whether the phrase “a 
Norwegian" is referential (to Ingrid) 
or attributive. 

Pragmatic ambiguity results from 
the use of pronouns and such special 
nouns as "one" and "another" In the 
sentence "When a bright moon ends 
a dark day, a brighter one will follow,” 
what will follow—a brighter day or a 
brighter moon? Easier to resolve (for 
a human) is the ambiguity in “She 
dropped the plate on the table and 
broke it.” 

The point Winograd makes is that 
many ambiguous sentences do not 
present problems to human readers or 
listeners because they bring to the 
task an understanding of the context. 
In “The porridge is ready to eat,” a 
human knows that porridges are ab- 
stemious; the computer does not. The 
difference leads machine translation 
systems into such notorious bloopers 
as the recurrent term “water goat” in 
an engineering treatise on hydraulic 
rams. 

Even some scientists who have made 
notable progress in speech recognition 
are chary about making optimistic 
pronouncements. For example, Victor 
W. Zue, of MIT’s Speech Communica- 
tion Group, is a Chinese-born scientist 
at the forefront of speech-recognition 
research. He is famous for teaching 
himself, after eight years of effort, to 
accurately read speech spectrograms, 
the squiggly electronic plots of speech 
sounds detailing how frequency and 
intensity vary with time. Learning of 
this uncanny ability, researchers at 
Carnegie Mellon invited him in 1979 
to submit to a series of tests. He 
passed them all, including the wicked 
planting of a trick spectrogram. He 
read it correctly as “A stitch in dime 
saves nine.” 

According to Zue, the field of speech 
recognition is in its infancy. In an over- 
view written in September 1984, he 
stated: 

“The development of... advanced 
speech-recognition systems will re- 
quire expertise in signal processing, 
system theory, and artificial intelli- 
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gence, built on a solid understanding 
of speech science. 

“Despite the flourish of activities to 
derive commercial benefits from avail- 
able speech-recognition devices, we be- 
lieve that the current technology is 
limited, fragile, and not readily ex- 
tendible to more complex tasks. Most 
of the current systems utilize little or 
no speech-specific knowledge, but de- 
rive their power from general-purpose 
pattern-recognition techniques. In our 
opinion, [the] three major barriers, 
namely speaker independence, large 
vocabulary, and continuous speech, can 
not be lifted without many years of 
active research.” 

But if the goal is elusive, it remains 
very attractive, and current research 
is active indeed. It is beginning to 
bear fruit of a modest kind—seedless 
grapes, say, rather than the pineap- 
ples and chirimoyas everyone in the 
field is lusting for. Two ongoing pro- 
jects, taking very different tacks, ex- 
emplify this kind of progress, which 
is characteristic of most advances in 
new technology: modest in the context 
of the eventual target but impressive 
in the context of past results. 


GG Now is the 
winter of our listing 
can't make Morris 
summer by this 
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One is the work of Raymond Kurz- 
weil and his colleagues at Kurzweil 
Artificial Intelligence in Waltham, 
Mass. Kurzweil is known as a kind of 
wunderkind of electronics and AI. In 
1976, at the age of 26, he invented 
the first practical reading machine for 
the blind. It optically scans printed 
material in any font and translates the 
text, using AI techniques, to spoken 
words. More recently, he developed a 
highly successful digital electronic 
keyboard synthesizer that achieves re- 
alistic piano sound. 

Kurzweil has produced a limited 
version of a voice-activated typewriter, 
called KVS, which is now being mar- 
keted. At a meeting this spring of 
Speech Tech, an annual convention/ 
conference/show for the speech tech- 
nology community held annually in 
New York, I watched a videotaped 
demonstration of the KVS in action. 
A Boston radiologist had created a 
special 1,000-word (the machine's 
limit) medical vocabulary that enabled 
him to rapidly dictate his diagnoses 
as he moved from one X-ray to an- 


other: The KVS produced an accurate, 
typed transcript. 

More ambitious is the Kurzweil 
Voicewriter, which exists in prototype 
but whose commercial introduction 
has been delayed several times over 
the last three years. It is to have a 
15,000-word vocabulary, requires brief 
pauses between words, and is trained 
to a particular speaker—a process re- 
quiring one to two hours. 

Kurzweil's approach to overcoming 
acoustical and linguistic problems is 
to mount a multifaceted blitz consist- 
ing of as many as seven "experts," 
knowledge-based programs represent- 
ing various speech-recognition strat- 
agems. In this "everything including 
the kitchen sink" approach, some of 
the experts analyze spectral data for 
template matching, some apply gram- 
matical rules, and some use statistics 
to gauge the probability, in the con- 
text of a given sentence, of the word 
really being what a previous expert 
says it is. Some of these experts are 
built into the custom circuitry, others 
exist in software. (To juggle all these 
programs and produce printed text in 
something approaching real time, 
Kurzweil relies on massively parallel 
processing, using special chips.) 

Difficult cases— "ball" or “pall,” for 
example, are resolved by a super- 
expert that coordinates the results of 
the others. In this case, its master pro- 
gram would choose the linguistic or 
statistical expert over the acoustical 
one because such words are difficult. 
even for human listeners to tell apart. 
by sound alone. 

Homonyms— words that sound ex- 
actly the same but have different 
meanings and spellings, such as “wear” 
and ^ware"— give simple speech-recog- 
nition systems fits. The efficacy of the 
multiple-expert attack can be judged 
by the way the Voicewriter handles 
“To be, or not to be... " It comes out 
right, despite the fact that the combi- 
nations of 10 different possible spell- 
ings yield 576 possible phrases, all of 
them acoustically correct. (Faced with 
that challenge, Hamlet might have 
had an even harder time making up 
his mind.) 

IBM's experimental speech-recogni- 
tion system also passes the "To be, or 
not to be" test. But it operates on 
totally different principles— different, 
in fact, from any other speech-recogni- 
tion process. Developed by a team led 
by Frederick Jelinek at the IBM 
Thomas J. Watson Research Center in 
Yorktown Heights, N.Y., after a dozen 
years of research, the system spurns 
both conventional template-matching 
and linguistic approaches. Instead it 
relies purely on a two-stage statisti- 
cal modeling procedure. Jelinek says 


that every time the system abandoned 
a linguistic expert for statistical data, 
the system's accuracy increased. "The 
system is not based on rules," Jelinek 
says, "nor does it attempt to imitate 
the way people recognize speech." 

Jelinek is a lean, suave, fiftyish émi- 
gré from Czechoslovakia (1949) whose 
own speech is flavored with a eupho- 
nious middle-European accent. He is 
also equipped with a devilish sense of 
humor. The first time I saw him, at a 
Speech Tech meeting a few years ago, 
he was part of panel of distinguished 
experts in the field. Everyone sitting 
at the dais was wearing full regalia: 
business suit, dress shirt, and tie. But 
the man from IBM had on a tan jump 
suit zipped up to the neck. One of the 
speakers jokingly referred to this un- 
IBM-like attire. And when it came his 
turn to speak, Jelinek rose, unzipped, 
and, with a triumphant gesture like 
Superman's, revealed underneath a 
sky-blue T-shirt emblazoned with 
white symbols—a mathematical for- 
mula that was the key to the speech- 
recognition system's operation. 

In the IBM system, a speaker's 
Stream of words is tested against two 
statistical models that are essentially 
huge data bases. The first is compiled 
during a 20-minute training session, 
in which the acoustic properties of an 
individual's speech are dissected. “Our 
recognizer,” says Jelinek, “statistically 
models... the way the speaker pro- 
nounces his words, the way he puts 
words together to form sentences, and 
the details of his personal voice char- 
acteristics.” The result of this analy- 
sis is a set of 200 patterns tailored 
to the speech of that individual that 
can serve as labels for sound segments. 

Then, when the speaker actually 
uses the system, it samples his speech 
sounds 20 times every hundredth of a 
second, making matches to the labels 
as it goes, and calculating the proba- 
bility of a given word having been 
uttered. 

The second model predicts what En- 
glish word is likely to come next, after 
the two previously identified. It was 
compiled by searching some 25 mil- 
lion words of business correspondence 
in 100,000 letters and memos from the 
IBM files, and extracting from them 
a 5,000-word vocabulary. 

The accuracy of this two-test system? 
The odds of a word being correctly 
identified—if it is in the vocabulary 
—are 98 percent. But seven percent 
of the time, a speaker dictates a word 
that is not in the vocabulary. “So the 
overall accuracy,” says Jelinek, “is re- 
ally 98 percent times 93 percent, or 
91.14 percent.” Obviously, the accuracy 
will improve as the vocabulary size in- 

Continued 
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AT JACK DANIELS DISTILLERY we never 


have to go too far to find our Christmas tree. 


The woods around our part of the country are 
full of them. So getting a good one is never 
a problem. We hope you won't have to go to 


too much trouble getting 
ready for the holidays 
either. So you can sit 
back and enjoy this 
happiest of all seasons 
with your family and 
good friends. 
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80-90 Proof Distilled & Bottled 
By Jack Daniel Distillery 
Lem Motiow, Proprietor 
Lynchburg, Tennessee 
(Pop 361) 37352 
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A Golden Opportuni 


‘Single and multi-family homes can be 
the best investment available today. 
Tri-Steel's innovative steel frame homes 
have the features today’s home buyers want: 


* Fast & easy, do-it-yourself construction 
Super energy efficiency (R-30) 

e Low exterior maintenance 

Superior strength of steel 

Hundreds of standard floor plans 

© One-story, two-story & tri-level designs 
* Versatile custom designs available 

* Flexible clearspan interiors 

* Contemporary and traditional designs 


Take advantage of the hottest 
idea in home building. Join our 
winning team today! 


DISTRIBUTORS WANTED 


We make it easy for you to succeed with: 


* Unique patented designs 

* Low capital investment 

* Full distributor training & support 

* Financial and construction assistance 
© Commercial & industrial designs 


Select territories are now available with a 
$5,995 refundable investment. 


CALL TODAY! 


To Purchasers of 


GUN 
TRADER'S 
GUIDE 


In 1952, 1 got the idea for GUN TRADER'S GUIDE, an 
illustrated handbook cataloging 20th century fire- 
arms, giving specification data, production dates, 
and prices. I compiled the 1st Edition, published in 
1953, and personally revised the book for the 2nd 
Edition of 1957 through the 8th Edition of 1978. 
From 1980 through 1985, because of grave illnesses, 
one terminal, in my family and because of my own 
poor health, I was unable to undertake the revision 
Of GUN TRADERS GUIDE and the publisher hired 
someone else — at my expense — to revise the work 
for the 9th, 10th, 11th, and 12th Editions. Although 
my name alone, as author, appears on the books, I 
had no part in these revisions, was never consulted 
by the reviser, and was not given the opportunity to 
see his work before publication. So I am not respon- 
sible for changes and additions made by the reviser 
or for any errors or omissions in the 9th, 10th, 1 1th, 
and 12th Editions of GUN TRADER'S GUIDE. 


Since early 1986, working with a team of capable, 
gun-oriented editors Eu employing a network of 
specially programmed computers, 1 have been pre- 
ing an extensive revision of GUN TRADERS GUIDE, 
taking up where I left off in 1977. Greatly enlarged 
and completely ed in a new format, this ver- 
sion will be published as the 13th Edition. I welcome 
your comments, criticism, and suggestions. Write to 
me and you will be kept informed about GUN TRAD- 
ERS GUIDE and several other upcoming books. 
Address correspondence "Attention S.P." 
Paul Wahl 
P.O. Box 6, Bogota, NJ 07603-0006, USA 
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And best of all you can enjoy your fireplace 
while saving on your heating bills because 
with Hearth-Aid II * you don't need to sacrifice. 
your fireplace's appearance or the delight of 
an open fire to be energy efficient. 

Works with: Wood, coal, or gas logs. 

For Free Information, Write or Call: 
Thermalite Dept PS, 1124 Harpeth Industrial Ct. 
Franklin, TN 37064 

Nationwide Toll Free: 1-800-742-HEAT 
TN Onlv: 615-794-8425 
We specialize in arches, corners & prefabs. 
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creases (as well as making the sys- 
tem more versatile), and Jelinek and 
his team are aiming at a 20,000-word 
prototype now. 

The IBM voice-recognition system, 
the firm stoutly proclaims, is purely 
experimental, with no current market- 
ing plans. Nevertheless, the past few 
years have seen a giant step in im- 
proving the commercial viability of the 
IBM system. When I first saw it dem- 
onstrated, in 1984, the system han- 
dled “To be, or not to be...” with ease. 
The audience could see the device rap- 
idly considering and then dropping, on 
a computer screen, the various alter- 
natives in something close to real 
time, choosing from among “to,” “too,” 
“two,” etc. But the process was feasi- 
ble only with a whole roomful of com- 
puting apparatus: a main-frame IBM 
4341, three Floating Point Systems 
Array Processors, an IBM PC, and 
other special-purpose equipment. Aye, 
there’s the rub: This system required 
six million characters of storage. 

By last April, however, Jelinek’s 
group had redesigned the system so 
that it could be demonstrated with a 
desk-top unit: an IBM PC AT using 
two special subsystems, each composed. 
of three computer cards, designed 
around a new digital signal-processing 
chip that can perform 30 million op- 
erations a second. In contrast to the 
1984 device, the present system needs 
only 640,000 characters of storage. 

I watched the system zip success- 
fully through numbers of severe trials, 
as improbable sentences such as these 
were fed to it via microphone: 

“Please write right away to Mr. 
Wright.” 

“TIl see you in aisle C" 

But the system is limited by its rel- 
atively small vocabulary. For example, 
“I need a horse" came out “I need a 
course" because "horse" was not in the 
word list. And just to see what would 
happen to the system if taxed to the 
utmost, I volunteered “Now is the win- 
ter of our discontent made glorious 
summer by this sun of York." 

The result: “Now is the winter of 
our listing can't make Morris summer 
by this sign of York." (I have searched 
Richard III everywhere for Morris and 
cant find him.) 

The IBM speech-recognition system 
does have a name, by the way. It is 
Tangora. Curious, I asked Jelinek 
what it meant. An acronym, perhaps, 
for some elaborate IBM project? 

“No,” Jelinek answered. “In an idle 
moment one day I walked into a local 
bookstore and looked in the Guinness 
Book of World Records for the fastest 
typist of all time. He was named Al- 
bert Tangora. I thought that would 
make a nice name.” us 


New HQ VCRs 
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keting for North American Philips 
(maker of Magnavox, Philco, and 
Sylvania brands), agrees that it's hard 
to see differences. “All HQ systems 
will enhance the video image, but the 
naked eye will not discern between 
two improvements and four. You would 
need a test pattern to see the differ- 
ence." Not surprisingly, North Amer- 
ican Philips includes only two circuits: 
the extended white clip and detail 
enhancement. 

Unfortunately, no one was willing 
to quote differences in specifications 
for various HQ systems. Many manu- 
facturers claim signal-to-noise ratios 
(video noise specification) as high as 
45 db (the higher the number, the bet- 
ter). While HQ may raise that figure 
on some machines, the end result is 
often more dependent on overall 
design factors such as tape heads, 
electronics, and even the videotape 
that's used. 

But HQ works. When I compared 
pictures from a number of these VCRs 
I could easily see a difference between 
HQ and standard VHS machines. The 
edges within the picture were slightly 
sharper, the snow was decreased, and 
the color didn't bleed or intensify as 
it had before. However, as I was told, 
the differences between decks using 
all four improvements as opposed to 
only two were much more difficult to 
see. 


Beta vs. VHS... still 


Many believe that HQ is the VHS 
swing at Super Beta, an updated ver- 
sion of the Beta format (although HQ 
became a necessity for providing good 
pictures from a one-hour VHS-C cas- 
sette used in the new camcorders 
(“VHS Strikes Back," PS, June]. 

Super Beta machines have better 
resolution: 290 lines as opposed to 240 
on VHS recorders. The more lines re- 
corded, the sharper the picture. Hav- 
ing compared the two systems side by 
side, I've concluded there is no con- 
test: Beta is better. Says Greg Kalsow, 
product planning manager for Pioneer 
Electronics, maker of both formats, 
“Super Beta has the ability to produce 
a sharper picture than VHS HQ.” 

So the war between VHS and Beta 
continues—but the HQ campaign may 
have just begun. Before departing, the 
HQ committee members agreed that 
improvements to the present HQ sys- 
tem could be made. And, before their 
chairs got cold, Toshiba introduced HQ 
PRO—a further enhancement that 
helps make better copies of tapes when 
dubbing from one machine to another. 
*HQ was invented as an extension of 
the VHS format to improve picture 
quality," says JVC's Isaacson. "It will 
be an evolutionary process." 
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TOTAL SYSTEM FOR 
CARDIOVASCULAR 
FITNESS. 


Simulates cross-country skiing, 
regarded by fitness authorities 


as the top cardiovascular 
SS exercise. Rated 
f higher than jogging, 
swimming, biking 


or rowing. 


* Fluid motion — no jarring impact on 
bones and joints. Avoids running 
related injuries. 
* Excellent for weight control 
and body tone. 

* Stable, unit rests flat on floor. 
Lightweight for portability. 
Weighs only 35 Ibs. 
© Easily stored. Folds to 5 inch 
height. Slips under a bed or 


* Can be used 

by men and women 
regardless of size or weight. 
Height and resistance adjustable. 


For a Free Brochure call: 
TOLL FREE 1-800- 328- 8995 
In Minnesota 1-612-474-0992 

Fitness Master,  Incorporsted 


1387 Park Road Dept. PO. 
Chanhascen. Minnesota 85317 
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Biospnere 


[Continued from page 56] 


anced, there were other goals. ^We are 
interested in making life a little more 
pleasant for the Biospherians," he 
says. "The plants in this biome will 
provide some of life's little luxuries, 
including medicine, coffee, chocolate, 
and fiber for clothing and rope.” 
Biospherians will not live on plants 
alone. In one greenhouse I saw vats 
of orange-colored fish called tilapia. 
Because they thrive in cramped condi- 
tions, they'll be one of the chief sources 
of animal protein for Biospherians. 
Other animals— perhaps chickens and 


sheep—will probably also be included. 

After visiting Oracle, I left to drive 
about an hour south to the Tucson Air- 
port, home of the ERL. Scientists there 
are in charge of the intensive agricul- 
tural part of Biosphere II, and are con- 
sulting on many engineering plans for 
the project, including waste disposal, 
water recycling, and cooling. George 
Mignon, head of the Biosphere sector 
of the lab, showed me a chart repre- 
senting how water, wastes, and gases 
must flow through Biosphere II. It 
looked like an extremely detailed 


STOP WINDOW HEAT LOSS WITH LOW COST-EFFICIENT 


ENERGY ARSENAL WINDOW INSULATING SYSTEMS . 


Stop Window Heat Loss Even 
If You Have Storm Windows! 


With the low cost-effective Heat Window I 


Cold air infitration and prevents excessive heat 
loss for less cost than window: that cost 
many times more. By creating an 
pocket of air, you can keep your living and 
Working areas comfortable with lower thermo- 
stats to save on heating costs 

This system uses an interlocking fastener 
thatis positioned on the window trim in a matter. 
of minutes. The 100% clear window fim is 
snapped into place between the two fastening 


interlocks, thus formina an air-tight seal. 
Available in white or brown 


Complete Kit Has Everything You Need. 
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Our Economical Low Cost Tape On 
Window Insulating System... 
window 


A fast and easy low-cost effective 
Sealing system. Our Heat Window cant be 


polypropylene fastening tape. Comes in a 
‘complete kit nothing else to buy. 


Complete Handy Kit Lets You Get The Job Done Fast! 
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225 Ft. Tape BHW- BHW-203 $24.95 | #HW-303 $30.95 
Patio Door/Picture Window Size — 7 Ft x 9 Ft & 35 Ft. Tape - #PHW-100 $6.95. 
Heat Window Plastic Film 
This high quality plastic fim has been devel- 
oped: tor window. 


results. This fim can be tightened with a house- 
hold hair dryer. 


Order Enough To Insulate All Your Windows! 


Double-Sided Acrylic E>) 


> will work with any film from 1 
10 4 milis thick. Comes with a 
adhesive attached 


Interieckiog e Fastening 
j A NK. way to m i off win- 
^. dows and door openings. This 
^ 
[: 


TL to bottom portion. installs on 
Ie 1/2 —. trimor frame and can also be. 


100 Feet long/Stock #FS-104 oe hase 

Please note color on order torm. 
Comes in lengths 26" long. 

| yy Heavy-Duty Inlocking | 

AN \ Fastening System . . 

in gauge. Made of PVC for 

outside use. Has self adhe- 

FC 34 4 sive or can be nailed or stapled. 


» Same design as above but 
wider on bottom and heavier 
Available in white or brown 


25 Feet/Stock #HFS-201 Cost $7.45 
SOFeeUStockWHFS-202 Cost $14.90 
75 Feet/Stock #HFS-203 Cost $2235 
100 Feet Stock #HFS-204 Cost $29.80 


Fastener Tape... 
for inside storm window appica- 

tions. Low in cost and easy to use 
1/2 wide x 110 FL Long Stock BT- 10! $3.95 


Send For Our 
Free Catalog 


ORDER TOLL FREE 
VISA — MASTERCARD 
1-800-325-2826 
IN PA 215-322-0363 
Minimum Charge $15.00 


lo. | som. woEBy | sow.wcsv | som woesv | sam wipe av 
40 FL ‘WPF-401 $ 7.96 | mPF-50! $ 9.95 | #PF-601 $11.95 | wPF-80! $14.95 
80 Ft. APF-402 $14.95 | HPF-502 $17.95 | wPF-602 $19.95 | wPF-802 $26.95 
120 FL MWPF-403 $19.95 | HPF-503 $24.95 | #PF-603 $28.96 | #PF-803 $35.05 
V-Type Weather Stripping Seal 
Stops drafts and wind 
thru door jams and windows 
installs in minutes with 
scissors White or Brown 100P — Steck ml S1538 
SHIPPING RATES AND PRICES — PLEASE NOC.0.0's 
Tola for vie [1001 [1501 | 2003 [anon Jason Jason ovem] | 
Merchandise | 10.00 | 18.00 | 26.00 | 30.00 | 35.00 | 4500 | 99.0 10000) 
Shpa &De. 250 [275 | 300 | 325 | 350 | 375 | 475 | 675. 
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street map of downtown Manhattan 
in New York City. The dotted lines and 
colored arrows show endless cycling; 
a gray line traces the path by which 
waste water used for cleaning or irri- 
gating eventually becomes drinking 
water for animals. In the process, the 
waste water passes through various 
filters and soil beds stocked with mi- 
croorganisms that break down un- 
wanted chemicals like ethylene and 
nitrogen dioxide into carbon dioxide. 

Maintaining the proper balance be- 
tween carbon dioxide and oxygen in 
Biosphere II is just one of many logis- 
tic problems that are being tackled by 
the researchers. "Anything drastically 
out of balance could poison the sys- 
tem," says Carl Hodges, director of the 
"Biosphere II must be kept 
within certain limits." 

Keeping Biosphere II within those 
limits is the function of the humans 
in the system. "It's a big advantage 
over having a simple sphere of shrimp 
and algae,” says Hodges. "We've got 
computers with artificial intelligence 
inside—a very different ball game." 
The complexity of Biosphere II might 
also be important to its success rather 
than its demise, according to Mignon. 
"The theory is that if we make the 
system as complex as possible, putting 
in enough plant and animal species, 
the failure of one variety will not con- 
stitute the failure of them all,” he 
says. "On the other hand, if you have 
three shrimp and a little algae, if the 
shrimp die, the relationship ends 
catastrophically.” 


Handling the heat 


Although conditions might be dif- 
ferent in space, an immediate prob- 
lem for the Arizona Biosphere 
designers is heat buildup inside the 
enclosed system. Even though the 
night temperature in the Arizona des- 
ert is generally cooler, most of the time 
it is above 80 degrees. The cost to air 
condition Biosphere II, both in dollars 
and energy, would be prohibitive, ac- 
cording to Dyhr. The solution is to 
build a series of louvers that can be 
drawn in the hottest part of the day 
or during the summer months, and 
also to use some giant fans to create 
convection currents through the bi- 
omes. “We are not going to try to imi- 
tate a temperate seventy-two-degree 
environment,” says Dyhr, “but it does 
have to be comfortable.” Although the 
idea to shade Biosphere II might solve 
the problem of heat buildup, it also 
aggravates another situation—the 
lack of sunlight. 

“The outer shell is going to be tem- 
pered glass,” says Bill Dempster, an 
engineer on the project. “We would 
prefer to use quartz glass, which would 


ERL. 


Chris Nestor of Wellesley, Massachusetts 
traded his badge for a brush to be his own boss 
and make over $400 a day saving people from 


dangerous chimney fires. 


This is serious business. People are paying 
$55.00 to have their chimneys cleaned, and 
the average sweep completes the job in less 
than an hour. You can make $200 a day part- 
time - $1,000 or more a week full-time. Now 
before you turn the page, let me explain. 

Tens of millions of people are burning 
wood today. As a result, an estimated 44,000 
chimney fires killed almost 1,000 people in 
one year and destroyed over 180 million dol- 
lars in property. 

The only way to avoid these disasters is to 
clean the chimney before it catches fire. This 
is where you come in. 


Chimney Sweeping 

Here's a new business where you can eam 
more in one hour than most jobs pay for a 
whole day. More in one week than a lot of 
people make in an entire month. You're the 
boss. You set the hours and best of all, it's fun. 
You'll work your tail off, but the business will 
be your baby. We've had people tell us that 
the August West Chimney Cleaning System 
literally changed their lives. Not just because 
of the money they are making or the fact that 
they use more Ivory soap. but mainly be- 
cause they are motivated. They're doing their 
own thing and loving it. 


Chris Nestor, Massachusetts 

"My first day on the job. I cleaned seven 
fireplaces. Now, after sweeping over 8.000 
flues, I still look forward to going to ‘work’ 
every day — 6 days a week. all year round.” 


Ed & Mo Simonson, Texas 

“We're very pleased with it. We're making 
a dream come true. We've always wanted 
some land, and thanks to chimney sweeping 
we now own 30 acres." 


Dave Richison, Ohio 

“The 3rd quarter of this year I did $23,000. 
The 4th quarter I did $24.000. We should hit 
between 55 and 60 thousand this year.” 


The Key to Success 

How do you clean enough chimneys to 
make this kind of money? You use the August 
West System. It's a complete business pack- 
age. You get the famous SootSweeper” Dust 
Collector, an assortment of specialized 
brushes and tools. step-by-step training ma- 
terials, proven advertising and marketing 
plans, telephone consultation, newsletters 
and much, much more. 

You'll hear the whole story when you send 
for our FREE Information Kit. Our strong na- 
tional company and network of thousands of 


sweeps are here to support you in building a 
part-time or full-time business of your own. 


Hard Work, Great Pay 

Sweeping chimneys is not exactly a "Lazy 
man's way to riches" . . . you'll work hard — 
but the pay is exceptional and the demand is 
steadily arowing. Perhaps best of all, this is a 
cash business with flexible hours, low over- 
head. and a reasonable start-up cost — figure 
about $1900 to get started right. And don't 
forget the tax deductions you'll take when 
you run your own business. In fact, some 
sweeps actually pay for their system in tax 
savings alone. 
Free Record & Information Kit 

Find out more about the chimney cleaning 
business. Just call us, and we'll rush you our 
Information Kit including a Free record. 
Gu uum e um uum um m m mum mum € € — 


| Call TOLL-FREE 1-800-225-4016 | 
||. Ask for extension 510 I 
J (lp Mass, 617-753-5544) [August West l 
or write: 
| August West Systems, Inc. I 
| 38 Austin Street [| 
J Box 658. Dept. 4200 Systems l 
p Worcester. MA 01601 "i 
J Yes rush me your FREE Information Kit r 
| Name l 
| Address l 
| civ State [| 
| Zip — — — Phone 
bl ———————A 
Copyright 1986 August We 


allow all the sun’s radiation to pass 
through, but it’s just too expensive.” 
According to ERL figures, this means 
a 40-percent reduction in available 
light and an almost total reduction of 
the ultraviolet light that some plants 
and animals need to grow. “We have 
to decide whether to supplement with 
ultraviolet lamps or not to include spe- 
cies that need it,” says Dempster. This 
kind of juggling act is not uncommon. 

“We find out how much is taken for 
granted on our planet,” says Dyhr. “We 
have to design backup engineering 
systems for wind and rain, where on 
Earth we just sit here and it rains 
whether we like it or not.” 

Rain is especially important for bi- 
omes like the tropical rain forest. But 
the rainwater in the Biosphere II must 
be constantly recycled. The solution 
was to put cooling coils on the ceil- 
ing. Water transpired by plants and 
evaporated off the river and the ocean 
it feeds is carried to the rain forest in 
returning air. The air passes by the 
coils, and moisture condenses out. 

Another important balancing act is 
the careful monitoring of the amount 
of light and rain each biome gets to 
control plant growth. “We cannot have 
huge growth pulses occurring in all 


of the biomes at the same time,” says 
Linda Leigh, a botanist working on 
the project, “or all the carbon dioxide 
gets tied up.” In nature, the savanna 
has huge pulses of growth when all 
the grasses become active in the wet 
season; they become inactive in the 
dry season. In the Biosphere, this 
must be offset by generating growth 
pulses in the rain forest, which also 
has wet and dry seasons. 

In some ways, though, these man- 
made worlds will not be completely 
immune to stresses from the outside 
environment. At times, the air pres- 
sure outside will be lower or higher 
than that inside Biosphere II. Then, 
either the rigid structure might col- 
lapse or the glass might blow out. I 
saw the solution to this problem at 
the Biosphere II prototype, a module 
made from tetrahedrally placed steel 
beams and glass, which is used for 
testing various engineering designs. 
To solve the pressure-variation prob- 
lem, the SBV designers built a giant 
external lung that can store one-third 
of the Biosphere’s air. A tube leading 
to the oversize bellows from the Bio- 
sphere would carry air out, reducing 
pressure. The opposite is true when 
the pressure inside is too low. “This 


system is absolutely essential when 
you talk about living in a biosphere 
on Mars,” says Kathy Dyhr. “Up there, 
people would die if a pane of glass 
popped out.” 


First steps 


Even after talking with many sci- 
entists involved in the project, in the 
end I shared some of the reservations 
expressed by NASA's Bredt. “Bio- 
sphere II is not being built with min- 
imum size and resource requirements 
of a true Mars colony in mind," he 
says. "You could never think of launch- 
ing anything that big." Dyhr agrees, 
but says most of the construction of 
space-bound Biospheres will take place 
once the basic building elements are 
in space. The beams can be fitted to- 
gether there, she says, and glass can 
be manufactured from the surface of 
Mars. It may be several decades be- 
fore we have the capability to carry 
out such space construction. Neverthe- 
less, SBV expects to turn a profit by 
licensing technology and biospheres to 
various space agencies and private 
companies. In the meantime, Bio- 
sphere II will serve as an extremely 
useful tool for modeling environmen- 
tal problems on our own planet. HS 
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THREE WIPING 
EDGES INSTEAD. 
OF ONE! 


3 Squeegee 
Edge 


1Clearing 
Edge 

2 Cleaning 

Edge 


Fe The second edge removes bugs, 
road film, dirt. 


The third edge squeegees the glass 
mpletely clean. 
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G U ARANTEED We guarantee Tripledge Wiper Blades 
for as long as you own your car! No E 
FO R TH E LI FE other wiper blade can offer this guaran- 


tee. If you are not completely satisfied ES 
0 F YOU R CAR you get your money back. 
. 
Q 


THE WORLD'S FIRST SYNTHETIC WIPER. — AIR-FLO DESIGN. Blades won't lift in 
Tripledge blades are made from DuPont high winds, high speeds. 6 claws grip 
Nordel—the same material used in 50,000 firmly, distribute pressure evenly. 
mile radial tires. Tripledge wipers will never PATENTED DESIGN 


tear, crack, split, rot, dry out or stick. Not 
Crede paie P OMEGA iL Eae eii Protected by U.S. Patent 4473919. 


affected by ice, snow, blazing sun, smog or 
PRICE PER PAIR ONLY 


road chemicals. 


EASY, DO-IT-YOURSELF INSTALLATION. 


Universal adapter snaps on; accepts 
bayonet, hook, pin type applications. 


CUSTOM FIT tor virtually every U.S. and 
import car, van or truck. 


Pennsylvania residents add 6% sales tax. 


TRIPLEDGE WIPER CORP., Dept. 1201 


the life of your car. 


CALL TOLL-FREE 1-800-847-0653 _ 


or send check, money-order or card number and expiration date of your Visa or MasterCard. 


3165 Tucker Road, Bensalem, PA 19020 
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Lifetime Wipers — the only wiper GUARANTEED for 


$ 95 e 
shipping & handling 
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PHOTO BY C. BRUCE FORSTER 


Charles Waller, an illustrator who 
lives in New York City, got a message 
on his answering machine a few months 
ago: The art director of a major news- 
paper needed a drawing. Waller called 
him back within an hour, but he'd al- 
ready hired another artist. 

Waller might not have missed the 
assignment if he'd been wearing Re- 
ceptor, a paging device being developed 
by AT&E Corp., 1 Maritime Plaza, 
San Francisco, Calif. 94111. Receptor 
looks like a normal wristwatch, but 
it acts as a message center as well as 
a timepiece. Its integrated circuitry 
(see photo) receives and displays three 
kinds of messages: CALL HOME, 
CALL OFFICE, and CALL (a phone 
number). 

Here's how it works: The person who 
wants to reach you calls the Receptor 
clearinghouse, giving your number 
and the message. The center routes 
the information to an FM station near 
you. It's transmitted on an FM side- 
band and picked up by an antenna em- 
bedded in your watchband. Once every 
7.5 minutes, the FM station sends 
messages to your watch and re-syn- 
chronizes its time. This takes less than 
a second, so one battery lasts a year. 

Phone companies like the plan be- 
cause each message requires a call to 
the clearinghouse and elicits a return 
call. “Were piggybacking on an exist- 
ing system," says Scott Wilson, AT&E's 
vice president. 

The watches will cost about $50 
when they are introduced a year from 
now, and the service will be about $10 
a month.—Dawn Stover 


AT&T PHONE 
ANSWERING 


SYSTEM 


* Factory New! 
* Factory Perfect! 


* Genuine Bell Product! 
* Stores Up To 30 Calls! 
* Clear, Crisp Synthesized Voice 
Responds To Your Callers and 
To You! 
* 2-Button Emergency Dialing! 
© Remote Access Without Clumsy 
Remote Beeper! 
ATAT Bell American developed this product to provide 
its customers with the ultimate call answering and 
control system. But "Ma Bell” was forced to break-up 


‘operations. As a result, you can get this first class 
product for a price FAR BELOW DEALER COST! 


Nothing Short Of A Professional Answering 
Service! 


Ive to pay hundreds a month to have a service 


and professionally as this unit does! 
Stores Up To 50 Important Phone Numbers! 
Simply dial the name of the person you need to call 
and this system dials their number instantly! 
Easy Access Remote! 
Ali you do is dial your security code on any Touch Tone 
phone and you retrieve your messages. No need for 
beeper-type remote units. Plus the sophisticated 
synthesized voice report the time and date of each 
cal 
Emergency Dialer! 

jram in numbers for police, fire, ambulance, etc. 
Then, with the touch of a button, a pre-recorded “help” 
message is automatically called-in to the appropriate 
rescue agency. 


Check Out These Other Fine Features: MFG. LIST 

* Call Screening $29995 
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Intercom 
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Long Distance Hold 

And Much More! 
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COPIERS 


SAVIN 
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* Now you can afford extra copiers to eliminate 


the copier bottleneck! 


* Completely refurbished by Savin. 


€ Savin service plans available. 


@Includes $75 value start-up package! 


Every busy company can use extra copiers 
to avoid time-consuming “bottlenecks” atthe 
current copier...thereby increasing em- 
ployee productivity. But the high price of new 
models can quickly make you forget about 
your need for extra copiers. 
Here's an easy solution. Now you can enjoy 
the efficiency and reliability of genuine Savin 
copiers at an extremely low, money-saving 
price! For small offices, large corporations or 
family and business use at home, this offer is 
just too good to pass up. 

These copiers are previously leased units 

that have been thoroughly refurbished by 

Savin! The units are covered by Savin's 30- 

Day Limited Warranty. And Savin has agreed 

to offer you several service plans.. including 

the one they use on brand new models! 

* DUAL CASSETTES. Each holds 250 
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* FAST WARMUP. First copy within 5 
seconds. Copy speed of 20 per minute. 

* SAVES ENERGY. Automatic shutoff after 
60 seconds of non-use. 

* PRODUCTIVE. Up to 15,000 copies per 
month. 

* PATENTED TONER TECHNOLOGY. Ex- 
cellent quality dry sharp copies on plain 
paper. 

* FREESTART-UP PACKAGE. Includes car- 
tridge-load toner pac, 500 sheets letter 
size, 250 sheets legal-size paper. 


* SO VERSATILE. Copies on both sides of 
the paper. Makes transparencies. Prints on 
colored paper. Copies mailing labels. 

© HIGHLY DEPENDABLE. Few moving parts 
plus simplified electronics for greater relia- 
bility, less maintenance. 

* SPECIFICATIONS. Desk top model. Size: 
14" H x 29" W x 21" D. Power: 115V, 13 
amps. Dial for 1 to 20 copies plus continu- 
ous. Toner density electronically control- 
led. Semi-automatic exposure control for 
light and dark. Weighs 183 Ibs. 
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Microchips 

[Continued e 67] 

welded to silicon microchips today are, 
by comparison, as thick as a human 
body. He wants to subdivide such 
wires into branching connections that 
correspond to arms, fingers, and fin- 
gernails. *Our objective would be to 
eventually use molecules that would 
be about the thickness of a fingernail 
at that scale, as the equivalent of 
wires," he says. 

McAlear’s idea is to start with a 
molecule-thin film, then stack other 
molecules atop the film. The molecules 
on top are antibodies, proteins that 
readily link up with molecules below. 
"This is a pretty unstable structure," 
he explains. "To stiffen things up we 
cast the entire structure in plastic." 
He describes how a special enzyme, a 
proteinlike substance, is put on the 
antibody protein and makes a clear 
plastic coating on the spot when it's 
fed the proper chemicals. *Before you 
know it, everything is covered with 
clear plastic, like branches during a 
freezing rain," says McAlear. 

How do you create metallic paths 
along these molecule-size branches? 
“We've already demonstrated the basic 
technique," says McAlear. *We had a 
grant to demonstrate deposition of sil- 
ver on polylysine, a protein. We cov- 
ered the polylysine with plastic, then 
used an electron beam to write a pat- 
tern of lines. The beam chopped up 
the plastic molecules so they could eas- 
ily be dissolved away with alcohol. 
Then we put silver on the exposed pro- 
tein with silver nitrate, the biologi- 
cal stain for protein." Similar methods 
might lay down fine conducting paths 
within an organic microchip. 


Linking molecules? 


Still, McAlear is only exploring 
basic fabrication techniques and has 
no plans to design a chip. And at least 
one other expert, Forrest Carter at the 
Naval Research Laboratory, is skepti- 
cal. Carter says enzymes and the other 
techniques McAlear proposes for pro- 
ducing organic microchips will not cre- 
ate compounds that organic chemists 
commonly use. Carter is also uncer- 
tain about McAlear's technique of 
linking layers of molecules together: 
“Even if you cross-link proteins with 
antibodies," he says, *how can you be 
sure they've all linked properly? How 
do you interface them? You may syn- 
thesize the molecules, but can you or- 
ganize them into a useful system?" 

Answers to these questions seem 
years away. But increasingly it's clear 
that organic molecules will one day 
supersede silicon in some electronic 
devices. And scientists needn't look far 
for proof that intelligent systems can 
be built with such molecules: They 
only have to look in the mirror. 


New trom toolmakers 


[Continu 


of radisl-arm:saw users, the starting 
point for a complete redesign of the 
company’s radial saws—the first 
since 1962. 

Heeding the comments, Sears made 
prototypes, had them field-tested, then 
subjected the final designs to abuse 
in the test lab. The result: three new 
electronic radials and three manuals 
that, depending on the model, deliver 
the most-wanted features—and more. 
I tested the top-of-the-line electronic 
saw in my shop. It is tagged at $470; 
the others range down to $280. 

All are 10-inch saws with 26-inch 
rip and 15¥-inch crosscut capacities; 
they cut three-inch material at 90 de- 
grees and 2'4-inch material at 45 de- 
grees. The smooth-running 1'%-hp 
induction motor is said to develop 2⁄2 
hp on the three lower priced saws, and 
2*4 hp on the top three. The saw I 
tested handled everything I fed it. 

On all of these new saws, you ele- 
vate the arm via a folding crank 
mounted at the front of the base. 
(Users reported that they wanted more 
control returned to them, even on elec- 
tronic models.) Two adjacent toggle 
levers clamp the fence. Lifting and re- 
turning one of four levers unlocks, 
stops, and locks the rip, miter, bevel, 
and motor-swivel movement. 

On the electronic saws, an LCD 
readout on the front of the arm (see 
inset photo) tells you the blade height 
(from work table or workpiece), arm- 
angle readout (left or right), and rip- 
width readout (for in or out rips). Rip 
and elevation positions are displayed 
in 0.01-inch increments; bevel and 
miter angles in 0.5 degree. I checked 
the claimed accuracy with a dial in- 
dicator and precision protractor. They 
are honest. 

I found the system, which can be 
zeroed wherever you wish, really 
speeded up and improved the accuracy 
of my sawing, dadoing, and hole bor- 
ing. The memory and LCD readout are 
battery powered. That means the ma- 
chine doesn't dump its memory should 
the power fail. The display shuts off 
automatically if you forget. 

The table is 44 inches wide—four 
inches wider than most. And it's two 
inches shorter than on older Sears ra- 
dials. The base cabinet is stable and 
has six steel drawers with molded 
plastic fronts. Other models have 
drawers and a door, just doors, or a 
shelf. Even the low-end saw with just 
legs has been reinforced to be rock 
solid. The saw I tried moved around 
with the agility of a kid on a skate- 
board, thanks to excellent hidden cast- 
ers, and jacks that lock down with a 
tap of the toe. The saws, except for 
their electronic control modules, are 
American-made.—PAil McCafferty 


NOW! Get in on the 
PROFITS LJ 


er 
REPAIR ^ i 


Work part time, full time— 
right at home— we help 
you every step of the way. 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest. growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that’s just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 
Plenty of business waiting for qualified me 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn. 
and one-million new engines are being built each month. 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers. 
power rakes, garden tractors. chain saws, minibikes. 
snowmobiles. generators. go-carts. paint sprayers 
snowblowers . .. the list is almost endless 


Professional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP... . All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated ..so clear you 
Can't go wrong, and with our famous "learn-by-doing method 
you get practical "hands-on experience. We also Show you 
how to get business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do It TODAY! 
NO Obligation - NO Salesman Calls! 
You risk nothing by accepting this offer to see how 
easily vou can learn the skills vou need to increase 
vour income in a high-profit business of your own. 
Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 
by return mail. 


RUSH COUPON TODAY 
Foley-Belsaw Institute 
51054 Fiel 


-————u 
y FOLEY-BELSAW INSTITUTE 


I 51054 FIELD BUILDING 
KANSAS CITY, MO 64111 


O YES, please send me the FREE booklet that gives I 

fuli details about starting my own business in Small 
Engine Repair. | understand there is No Obligation and. gi 
p {at No Salesman will call on me 


gNME 0 


DDRESS 
1 


[|j ER 
1 
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Authorized Liquidator 


INTERSTATE" BY FOX 


RADAR DETECTOR 


Super sensitive! Alerts you to 

radar up to 5 miles away! 

* SENSITIVE! Proven in lab tests to be as 
good or better than Escort, Cobra and 
Whistler models costing up to twice as 
much! 

* COMPACT! Just 3%” X 1%" x 314". 

* HIGHLY SENSITIVE! Superheterodyne 
circuitry. 

* MORE RANGE! Detects fringe signals 
and hand-held pulse radar. 

* HIGHLY SELECTIVE! False alarms are 
reduced by narrower band width, video 
signal processing and built-in dielec- 
tric lens. 

* DOUBLE ALARMS! When radar is 
detected, ittriggers a red LED light and 
a buzzer. 

* LOUD ALARM! Can be heard above 
traffic noise. 

* 3-WAY SWITCH! For off, city, long 

range highway use. 

* CONVENIENT! Plugs into your cigar- 
ette lighter. 


One-Year Limited Factory Warranty. 
(Offer void where prohibited by law.) 


w.1423995 $4 10 


Liquidation Price .. 
Mtem H-1829-2999-001 Ship, handling: $3.75 


Marketing Corp. Hem 

1405 Xenium Lane N/Minneapolis, MN 55441-4494 

Send. Radar Detector(s) ftem H-1829-2999-001 at $119 

each plus $375 each for shipping. handling. (Minnesota 

residents add 6% sales tax. Sorry, no C.O.D. orders) 

D My check or money order is enciosed. (No delays in 
processing orders paid by check) 

Charge: O visa* C MasterCard C American Express® 
Acct No. Exp. 
PLEASE PRINT CLEARLY 

Name 

Address 

City 

State 

PRG jo 0 


Sign Here 


ic OM Bj Direct Marketing Corp. 


Authorized Liquidator 
1405 Xenium Lane North 
Minneapolis, Minnesota 55441-4494 
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Wordless Workshop 


By ROY DOTY 


pad beers e vemos. Pa., for the idea fro fis ted. 
ith Social urity No.) t pd ess, Pom " Sci El adi- 
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NNhaft’s New at 


AMERICAN DESIGN COMPONENTS? 


e warehouse 60,000 

items at American 
Design Components — ex- 
pensive, often hard-to-find 
components for sale at a 
fraction of their original cost! 

You'll find every part you 

need — either brand new, 
or removed from equipment 
(RFE) in excellent condition. 
But quantities are limited. 
Order from this ad, or visit 
our retail showroom and find 
exactly what you need from 
the thousands of items on 
display. 
Open Mon. - Sat., 9-5 


THERE'S NO RISK. 
With our full 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund 


ADAM COMPUTER KIT! 


(Less printer & w/o cabinet) 
‘ponerse 


Build it yourself from subassemblies. No 
wiring necessary (just plugs together), 
Hook-up diagram included. Includes: Key- 
board, 1 cassette digital data drive, 2 game 
controllers, power supply, all memory 
boards, and one cassetto. Is capable of 
running CP/M, has built-in word processor. 


Item #7410 $99.00 (complete) 
ADAM PRINTER 


: +0 
| | ES 


Complete, less top cover plate. Friction 
feed. Takes standard paper 8%” x 11” 


MPI 52S (IBM* Compatible] 
5%” FULL HEIGHT 
DISK DRIVE 


Double sided/double density, full 
height drive. 48 T.P.l., 80 tracks. 


Item #7928 $79.95 

2 for $150.00 
270 CFM FEATHER® 
FAN 


115VAC/60Hz., 20W, single 
phase. Induction, ball bearing 
permanently lubricates. 
Scfeathered edged, high impact 
plastic blades, plastic housing. 
Can be mounted for blowing or 


* Dia. x 1%” Deep. 
lotron— Type 153E 


item#1863 $22.50 rre 
Rechargeable NICAD 
BATTERY BACKUPS 


12V @ tus 


450 ma 
Contains 10 AA cells. Recharge 
rate: 45 ma. 16-18 hours. Case 
with tab output connections. 
Dim.: 2." Hx 1% "W x 2 

Mfr — GE 123233 or equiv. 
Item 5443.0 


13.2V@ 
1.65 AH 

Contains 11 C celis. 

For model boats, toys, 

Mfr — GE 4418035880101 
tem 5444 $15.95 new 


$5.95 new 


5%” DISK DRIVE 
96 TPI, DS/QUAD DENSITY 


Mfr — CDC #9409T 
Item #1893 


12/24 VDC 


55/100 CFM, 8W. Can be 
mounted for blowing or exhaust. 
5 plastic blades with feathered 
edges, aluminum housing. Brush- 
less, ball- pei s type. 

Dimen.: 4" x 1” deep 

Mir — Centaur CUDC24K4-601 


Item #8541 $19.95 
GEL-CELL BATTERIES 


Item #9304 
6vQ.saH "^ 
Dim.: 2"W x 27H x 1%"D 
Mfr — Globe GC610 


f| Dim.: 5% "Hx 4 


Mfr — Elpower #695 
item #7039 $14.95 New 


“The Source” of the 
electro-mechanical components 
for the hobbyist. 


% HT., 3%", 10MB | IBM FORMAT COMPATIBLE 
HARD DISK DRIVE =| 3%” DISK 


mn 
Unformatted-250/500K bytes* 
Formatted- 164K bytes. 

80 track/140 TPI, based on 16 

sectors. Will work with any 5%” 


disk controller. 
Item #8824 $79.95 


" Total cap. 500K bytes with 
special software. 


12 VDC 
SPRINT® FAN 


‘$1225 Compatible. Fits standard 
5%” spacing. Shock mounted. 
High speed, low power. 

Mfr — MMi #MM212 


item £9217 $179.00 New 
115 CFM 

MUFFIN* 

FAN 


SPECIAL! 


115 VAC/60 Hz., 21W., 28A., 
3100 RPM; 5-blade model, alu- 
minum housing. Can be mounted 
for blowing or exhaust, 

Dim. "sq. x 1% "deep. 


$5.95 rre 


Polarity protected. Can be 
mounted for cooling or ts 
Dim.: 3%” sq. x 1%" de 

Mfr — Rotron - DAYNA 

wem #9218 $12.95 new 


COMPUTER GRADE 
EXTERNAL POWER 
SUPPLY 


item #5345 
24 VDC 
POWER 
SUPPLY 


Other uses-runs CB & car radios. 
Comes ready to plug inl 


DC Output: 


For robotics, motors, 

Variable output from 20-26VDC. 
Input: 105-125; VAC (9 60Hz. 
Maintains constant voltage output 
between 5 & 6 amps at rated input. 
AC fuse protection. 

Size: 4^ x 8%" x 7%" 

Mfr — Acme PS59134 

item #62 $19.95 nrc 


-5V @.5 amp. 


Input 115V/60H. 
3% "H. (Rubber ft. 


item #9501 $24.95 new 


PUMPS — COMPRESSORS — BLOWERS — MOTORS — POTENTIOMETERS — COUNTERS 
TIMERS —RELAYS — VOLTAGE REGULATORS —POWER SUPPLIES 


VACUUM PUMP & 
MOTOR 


Usable for vacuum or pressure. 
application. 4 CFM/15 PSI max. 
15” cont., 28” intermittent. 


AIR COMPRESSOR 


POOL CIRCULATING 
% H.P. MOTOR & 
PUMP ASSEMBLY 


3", PLATE MOUNT 
SWIVEL 

CASTER 

SETS 


Durable, smooth rolling, with 
sturdy metal 


. Mi 
Item #7972 setot4 $9. 196 we 


(Customer returns; tested — operational.) 
Pump is directly coupled to a GE Hy duty, 2/wing-! 2iwo. 
Item #8839 $69.50 |173 HP, 1625 RPM. 115 VAC, | Produces up to 33 PSI. For air t Bove ed ev rs 
50/60 Hz., single phase 3.8A | brush, paint spraying, tire & mat- - ller be " k 
ADAM ACCESSORIES motor. Thermalyprotected tress infi 3 115 VAC/60 | eee ar URN vain 
Data Drive 46641 $9.95 | Mounted on a metal base. Hz. Capacitor non-self priming Plate dim: 35 "x44". OJA HT 
D.D. Power Supply 46642 $14.95 | 5x;"W x 14%"L. Mfr-Gast Dimen.: 4* J Originally used as circul «^. Swivel radius 3.18". Mfr: 
ASCII Keyboard. #6643 $19.95 | 0040-V119 (oi-less) & GE Mfr — Thomas Industries. pumps for pools — 12" H. | Bassick. Item. ray 
Asst. Cassettes 47786 $19.95 | item #5327 39.95 nre | item #64 $29.95 are |iten#7418_ $39.95 pre 4/set $24.95new 
COMMODORE SPECIALS! AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM 
66-KEY MECHANICAL KEYBOARD | YES! Please send me the following items: C My check or money order is enclosed. ORDER 
item How. : C Charge my credit card. : 
Mo: MARIS Disses si ol) C] Visa [C Master Card. C Amex pena. 
— = | Card No. 
a= - ——] Exp. Date 
Grey keys with black letters. p E "TS 
Connecting cable included. Signature 
Dim.: 15% "Lx 5°H, E s Telephone: Area Code Number 
item #9394 (v, $5.95 New — Tu s 
A Shipping & handling, we ship UPS unless Neme — 
R pie, EF CATA otherwise specified. Add $3 plub 10% total. Address 
de,ctto-magje OG o7] Canadian: $3 plus P.O. cost. Charge only. E 
DOREY. o, ices go, anica) Sales Tax (N.J. residents only, Y 
Input: 115 VAC, 50/60 Hz. Very one With please add 6% of total) State Zip 
TEM ii x2” deep ORDER TOTAL All inquiries and free catalog requests call 201-939-2710. 


Commodore #251539-01/02 


mem #9393 $5.95 New 


For all phone orders, call TOLL-FREE 800-524-0809. /n New Jersey, 201-939-2710. 


Introducing 
The Rascal Front Runner 


Medicare 
Approved 


Our most affordable 
electric 3-wheeler 


Compact and portable so you can take 
it anywhere. Features one-hand con- 
trols, battery charger, lightweight parts 
and more. Medicare and private insur- 
ance reimbursable. Priced below most 
other front wheel drive 3-wheelers. 30 
day money back guarantee. Call or 
send coupon for free color brochure. 


Electric Mobility Corp. Dept. 

1 Mobility Plaza, Sewell, NJ 08080 
Name 

Address 

St 
Phone 


STOP PEST INVASION 
ULTRASONICALLY 


It happens every year. Weather changes drive flying, creeping, 
ond crawling pests onto your home. Do you fight an endless 
battle using dangerous traps. poisons or sprays? Or pay ever 
increasing costs fo exterminator services? Well here's an inge- 
nious space-age "Pied Piper” that helps drive out common 
household pests, and keeps them out. Tronsonic V is ideal pest 
protection. I! will keep pests rom inhabiting, nesting, and propo- 
gating in vacation homes, campers, and boats both during the 
summer and off season. Use fo control pests where food is kept 
or stored. Hard to seal areas, such as garages, tool-sheds ond 
fam outbuildings benefit most from Transonic V's ultrasonic pro- 
tection. The special soundwaves (patented) create an uncom- 
fortable hostile environment that pests never get used to. Two 
switches (on rear) provide nine different sonic and ultrasonic 
sound combinations for use against specific pest types. Covers 
Up to 2500 square feet. Safe for use around people and pets 
Quality weather proof anodized aluminum construction for 
indoor or outdoor use. Operates off 12 volts AC or DC (supplied 
with 110 volt adapter) for pennies a day. Transonic Vis EPA listed 
‘and Canada approved for efficacy in pest control Made in USA 
by the leader of bio-acoustic control devices since 1967. Order 
today, or call or wre for further information. 


ONLY 369.95 zamanin soser” 
(For orders of two or more, deduct 10% from total) 
45 DAY SATISFACTION GUARANTEE—1 YEAR WARRANTY 


When ordering by mail, please add $300 shipping 
costs (5400 Canada, $6.00 foreign) 


PHONE ORDERS CALL (503) 342-1271 
AV-ALARM CORPORATION 


Eugene, Oregon 97402 


675 Conger Street 
(503) 342-1274 Telex 706017 (AV ALARM UD) 
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Taking Care of Your Car 


By STEVE MERCALDO 


Got a useful car tip? 
Poputar Science, 3i 


Send it (with Social Security No.) to Car Care, 
Madison Ave., New York, 0017. We'll pay 


$20 i we use if twe or iore readers send ie ‘same tis payment 
goes to the one with earliest postmark. No tips can be returned. 


| 
| 


H 
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EXHAUST MANIFOLD 
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Fouling out 


Most late-model cars and light trucks 
use an oxygen sensor in the exhaust 
manifold to provide information on the 
air-fuel ratio. The sensor sends this 
data to the on-board computer, which 
adjusts the ratio for best combustion. 
Care must be taken to ensure that the 
sensor doesn't become contaminated. 


If the sensor tip, which is exposed to 
hot exhaust gas, becomes fouled by 
lead deposits, it may stop sending a 
signal. The result is a rough-running, 
fuel-thirsty engine and power loss. To 
protect the oxygen sensor, avoid run- 
ning leaded gasoline in a vehicle re- 
quiring unleaded fuel. 


Solenoid saver 


A General Motors (Delco Remy) start- 
er solenoid is a simple component. 
When it fails, most mechanics choose 
to replace rather than repair it. But 
the repair is easy: Remove the sole- 
noid cap, and turn the battery post 
base to a clean, unworn position to im- 
prove the electrical contact. Then re- 
install the protective plastic cap. 


Freeze-plug ploy 


A coolant leak may be caused by a 
corroded engine-block freeze plug. To 
replace the plug, drive a screwdriver 
through it, then pry out the plug. To 
start the new plug, position a socket- 
wrench socket (just a bit smaller than 
the plug's diameter) behind the plug. 
Carefully drive the plug into the en- 
gine-block opening until it's flush. 


Brake drag 


Do your brake pads wear out prema- 


ture! 


y? If you've checked for sticking 


calipers, residual pressure in the 
brake lines may be holding the pad 


agaii 


nst the rotor. To check, crack open 


a bleeder screw. If fluid squirts out, 


chec 


k for a misadjusted master cylin- 


der push rod or stoplight switch. 


In the clutch 


An improperly aligned clutch disc 
can make transmission installation a 
back-breaking frustration. But prob- 
lems can be easily avoided. When the 


clute! 


'h assembly is being bolted up, use 


a clutch arbor tool (a sawed-off trans- 


miss; 


ion input shaft makes a good sub- 


stitute) to properly align the clutch 


disc 


with the pilot bearing. 


At Just 20 Ibs., 
What It Will Do 
Will Amaze You! 


Ifyour garden is lessthan an acre, 
youneedabig, expensivetillerlikeyou 
need rabbits. What you need is one 
small, precision machinethat can doa 
variety of jobs in the garden and 
around the yard...quickly, easily, 
neatly and economically. 

Theexciting Mantis Tiller/Cultivator 
is changing the way Americans 
garden. It weighs just 20 pounds, so 
anyone can use it. It starts with a 
flick ofthe wrist...cutsthrough 
tough soils...turns on a dime... 
weeds in and around plants, between 
narrow rows and along fence lines... 
and runs all day on a gallon of gas! 
What's more, with its inexpensive 
attachments, it quickly becomes a 
furrower, lawn aerator or de-thatcher, 
a border edger, or a hedge trimmer! 

3-Week In-Your-Garden Trial 

Best of all, you can try the Mantis — 
risk free! If you don't love it, simply 
return it for a full refund. 

Mantis tines are guaranteed for life 
against ever breaking and its engine 
has a Lifetime Replacement Agree- 
ment! 

MANTIS IS NOW ON SALE 
at the lowest price of the year! 


Mantis Manufacturing Co. 
yos | 1458 County Line Rd., Dept. 3047 
y 


Huntingdon Valley, PA 19006 
Z (215) 355-9700 
C Please send me information on the 
l revolutionary Mantis Tiller/Cultivator and 


©1986 MMC 


Authorized Liquidator 


COMMODORE® 
VICMODEM™ 


© Use with the Commodore? C64", 
the SX-64 or the VIC-20 Computer. 

© Bell 103 Compatible. 

* Full Duplex; 300 Baud. 

* Manual Dial Direct Connecting. 

* FCC Registered. 


This Modem is LOW liquidation priced 
because it was closed out by Commo- 
dore. Add it to your computer for access 


to timely financial information, news and 
reference libraries...as near as your 
phone! An affordable introduction to 
phone/computer services; and you can 
communicate with computer users who 
also own modems! 

Use with data cassette (included), or with 
terminal program software, available at 
computer stores. 

90-Day Limited Factory Warranty. 


Mfr. List Price 


Liquidation 
Priced At Only ..... 
Item H-1828-7041-072 

Shipping, handling: $4.00 each 
Commodore is a registered trademark of Commodore 
Electronics, Lid. 


Credit card customers can order by phone, 
24 hours a day, 
7 days a week. 


Toll-Free: 1-800-328-0609 
Sales outside the 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 

SEND TO: 

C.O.M.B. Direct Marketing Corp. 

1405 Xenium Lane N/Minneapolis, MN 55441-4494 

Send.  Modem(s) lem H-1828-7041-072 at $19 each 

plus $4 each for shipping, handling. (Minnesota residents 

add 6% sales tax. Sorry, no C.O.D. orders) 

[O My check or money order is enclosed. (No delays in 
processing orders paid by Check) 

Charge: O visa® L1 MasterCard» C American eoe 

Exp. 


Item H-1828 


Acct. No. 
PLEASE PRINT CLEARLY 


the 3-WEEK TRIAL. Name 
Address 
l Name. em 
Address. State. 
City l Phone. 
State Zip Sign Here. 
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A selection of products and services for Popular Science readers available direct by mail. Enjoy the fun and convenience of mail 
ordering shopping. Please order directly from the advertiser. For advertising rates for this section, write Advertising Sales, Popular 
Stjerices 380 Madison Avenue, New York, M Y. 10017 


diy handicapP' 
Bau lm a financi 
as a Locksmit 


Train 
FAST 


at Home! 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 
You're "in business" ready to make $10 to $26.00 


Make Up to $26.00 an Hour — even while learning! 


Bea LOCKSMITH 


"War injuries left me 


ed, but 
al success 
th, thanks to 
training. Besides, the 
is fascinating, If | 


are doing it. So can YOU. 

MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time — or in your own full-time 
business. Ideal for retirement—good jobs, too. 


FOLEY-BELSAW INSTITUTE, 11055 Field Bldg. 


an hour a few days after you begin Foley- Kansas City, Mo. 64111 


Belsaw's shortcut ranna Easy illustrated les- 
sons complete with ALL practice equipment 


C 


FOLEYBELSAN INSTITUTE, 11055 Field Bldg. 
Kansas City, Mo. 64111 


Rush FREE book, “Keys to your Future.’ 
Name. 
Address 
City. 


N. Hunt, Wilmington, Del.—' make $50 a 
week extra." 


R. Davis, St. Louis, Mo.—"'I cleared $110 last 
Saturday." 

Ed Boyle, Pittsburgh, Pa.—'*My business goin 
at top speed. I'm moving to bigger quarters." 


€ ALL TOOLS YOURS TO KEEP 

pea Pss YOURS TO KEEP 
RT PERSONAL ASSISTANCE 

BUSINESS BUILDING HELP 


a 
enable you to get your share of this always- 
profitable business. Hundreds we've trained 


THIS DO-ALL PRO 


ker MACHINE YOURS 
TO KEEI KEEP! 


“Gan add $50 
to $100 a week 
to your in- 


State. 


Zip. 


you a penny 
extra! 


HOME SECURITY SYSTEMS MA 


luxe Wireless For Home, Apartment, Offices, Mobile Homes 
{FEATURES 
«Main Module/Receiver is capable ot teting what 
|| fend of alarm is triggered: Intrusion. tre, main- 
tenance. medical emergency elc, and 
H where the alarm is ongnated - 5 zones 


1 
1 
1 
J designated by the user ! 
‘Adjustable Ext Delay ime allows the user to l 
Vene nshernome tee meseme ^— $149.95 1 
achated . 
| tae Enny Delay ime with flashing Plus $6 00 shipping & handling || 
'NSTIDLY" LED to remind ne user fo de 
orp ILE 
protected premise. 
Hence Püger e systern wl ema an ec r = 
percig sound tor fe muutes betore 1t resets 
itsel to continue providing protection A [BE REMOVES VOCALS FROM RECORDS! 
"System is expandable with the folowing options: r Now You can sing with the world's best bands! 
| anon Eumdecxewa 939-05 M] The Thompson Vocal Eliminator can remove 
arf remo , Va 300 shiping à har " 
J] Mine Pon Sui capabi o acivatng e paid i most or virtually all of a lead vocal from a standard 
irm stant t 1e ush of auton 
alarm instant at he push 1 stereo record and leave most of the background 
V Wireless Remote Tur-at lows the user to turn r untouched! Record with your voice or perform live 
Jp ofthe system from outside of the protected $14.95 Fi h 1 with the backgrounds. Used in Professional Perfor- 
premse .95 For Eaci mance yet connects easily to a home component 
aqnticSenerTansmien, ‘lpg " ^ > 
l siias ui LLLI EB stereo system. Not an equalizer! We can prove it 
1-800-522-2636 For Orders Only BE works over the phone. Write or call for a Free 
1 1 Brochure and Demo Record. 


T Sound, Dept. PS-3,P.0. Box 338, 


Stone Mountain, GA 30086 (404) 493-1258 
24 HOUR PHONE DEMO LINE: (404) 493-6879 


Accord, MA 02018 
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PARKO e PORT 
? 10 X 20 Ft. Covers 
7 ForCarseTruckse Boats! 


Steel Frame/1 Hr. Assembly! 


pl. PS*N.3018 Nevada*Spokane, WA 99207 
2 (509) 484-9223 


120 Pc. ELC. BRUSH KIT 24** 


Shipping Charge $3. 05 


This Kit has the most popular sizes and 
types of Brushes found in saws, sanders, 
drills, grinders, vacuum cleaners, Etc. 
Send check M/O or Visa-Mastercard To: 


CENTERLINE CARBON, 
P.O. Box 3608, Center Line, MI 48089 
Satisfaction Guaranteed or Money Back 


FACTORY DIRECT 


GRANDFATHER CLOCKS 
Do-It-Yourself Clock Kits 


55900 


(including movement and dial) 


OR 
Assembled 
and Finished 


* Solid 3/4" hardwoods: 
black walnut, cherry, oak 
* Heirloom quality 


© Money back guarantee 


SEND $1 FOR 
32-PAGE FULL 
COLOR CATALOG 


gig EMPEROR 


CLOCK COMPANY 
WORLD'S LARGEST MANUFACTURER 
OF GRANDFATHER CLOCKS 
Dept. 2121, Emperor Industrial Park 
Fairhope, Alabama 36532 € Phone 1-205-928-2316 
1am interested in D Finished Clocks 
C Do-It-Yourself Kits 


State ip. 
(please print) 


Complete Satellite Listings 


Sample Copy $1, or call toll free 


moea cis moro | Precision 
Cms || Electronic 


P.O. BOX 308H0301 FORTUNA, CA 95540 " 


Measuring 
A GREAT TIP System. 


* Leverage / 
Cutting. P n ncorporating the latest 
© Many other features scientific advances in 


Length: 3.74in. 
Width: 2.02in. 
Weight: 2 2502. 


lightsensing and micro- 
FOR MORE INFORMATION: UTILITIP, INC. Set scale and track route on a map or a dimension on 
processor technology, PLU 
P.O. Box 11704 NCC MEASURE" v mmo eA ceo 
Rock Hill, SC 29731 revolutionize the ways 
in which maps and Before the era of the inte- 


charts are used and graphs "Program a asp sealesand — tod circuit, length and dis- 


and technical drawings are their tance calculations were made 
produced. (e.g. 18 am = 60km or Ya inh Using protractors, bulky rulers, 
CABLE TV Ror of outdoor Zim, to ecorately mee urna Pron oan ivan 
enthusiasts. sure distances on any map or map measurers. Today Arion 
GUARANTEED LOWEST PRICES IN U.S. hikers, bicycli lin ng chart used around the world. Instruments new ACCU-MEASURE™ 
vacationers —who rarely trav: Measure straight or curved rms all measuring an: 
Jo Hamin, Zenith Man ostDoa thatsraight ond narrow path’ — laes-iametritersfeadend converting functions with pre- 
Porai Orgar tioned thin d hour! REE ILLUS can makeimportant routeand ^ wmits —with accuracy of cision, plus offering you a 
OTONDO Maaa beter reer time calculations, simply and +0,02 inch. unique computer capability. 
7325'2 Reseda Blvd.. #1402 Reseda, C 5 accurately. —, | For a brief introductory peri- 


Now, for professionals inthe — 


Compute 
ES emi n the full et od, you can order this light- 


weight precision measuring 


architecture, ACCU-MEASURE™ systems and instrument direct from the man- 
offers accuracy and program- Seales (aber > enters ufacturer. Included is a 30 day 
mobility found beforeonlyinex.  ,3feet meters 2miles-? money-back guarantee and 
WWII 20 pensive scientificinstruments. kilometers > nautical miles). — , one year warranty. 
HELMET pe To order your ACCU-MEASURE™ 
{ORIGINAL Repainted) NOT SATISFIED y| Jl Y| 
S EOLITORM GEND TOR TEE CATALOG. CALL TOL FREE 800-872-8787 ext.190 — almum um ww BRUM. STONERS 
ine, PS 1850 UNION ST. DEPT. C., SAN FRANCISCO, CA 94123 
zz m =e 


WOODWORKERS’ 
SOURCE 


DO IT YOURSELF SPECIALS 
IFYOUNAYE MIG WELDERS 


A TREE YOU 


Check. COD. Visa, MasterCard Accepted Check, COD. 


MasterCard Accepted 


Hillside Tool & Equipment 4170 W. Madison, Hillside, IL 60612 
ILLINOIS 1-800-942-2835 NATIONAL 1-800-621-1203 


Ka HAVE 
1987 -A-HOIS 
ie " A-HOIST 
114 pages 
of Veneers, 
Wood Parts, 
Specialty 
Hardware, 
Tools, Pulls, 
Finishing 
Supplies, Lightweight, versatile work horse can be 
Books, Kits, 5 YEAR used for most metal repairs including light 
Plans and WARRANTEE body work. Goes where you need it when you 
want it. Ideal for the shop, garage. basement. 
more Lr NEW PORTABLE, FIRST OF ITS KIND. + Input: 110 Volts- 10 Amps at 10% Duty Cycle 
products. HOIST. Heavy duty, steel construction, * Output: 80 Amps at 10% Duty Cycle 
——————— with a one ton lifting capacity, selling at E Ere elder — 
Please Enclose $1.00 (3rd class two-thirds less than an ordinary hoist. Asinum I2 end 030 Gauge Wire 
52.00 (4st class) Useable anywhere a sturdy tree, post or + Weld Thickness: Up to 316 
I pole can be found. For on off loading of * Dimensions: 18 Lx7 Wx 14 H 
$1.00 refund on first order trucks, trailers, boats, etc. Patent Pending. Weight: 42 Ib. 
| WHY SHOULD YOU USE IT? Includes 
| Name * Easy to store. * Contact Tip 
| + Fits in the trunk of a car for easy ^ i Rege orm en. 
transportation. - ms lator. 
| Address k + Full Throw-Away CO? Bottle 
| Lei an the cost of an average two < Hand Held Face Mask 
— lay rental. * 21b. 024 Spool Steel Wire 
| City State — Zip * Two inch steel tubing, 36° boom * Gas Nozzle 
| — P s $ 
| mane 149.95..... 299.95...... 
A us. 
I Woodworkers’ UPS Shipment UPS Shipment 


TECHNICAL DGDKS! 


MACHINES 


CURIOUS MECHANICAL MOVEMENTS 

Explore a 1927 picture book of almost 1000 different 
mechanisms. Everything from unusual engines and 
acoustic telephones to mining devices and perpetual 
motion machines. Dynamite illustrations! Fascinating! 
Don't pass this up! 412 page paperback 

Order no. 4406 $14.95 


HISTORY OF PERPETUAL MOTION 

Review man’s attempt to build perpetual motion 
machines! From earliest types to the Keeley hoaxes! Well 
illustrated. Fascinating! 235 page paperback 

Order no. 510 $5.95 


WINDMILLS & WINDMOTORS 

Build wooden windmills for pumping water and 
generating electricity. Reprint of 1910 book. Loaded 
with detailed plans for three different windmills! Great 
book! paperback 

Order no. 4279 $4.95 


STEAM ENGINE DESIGN 

Design your own engine! Loaded with diagrams and 
formulas! You supply pocket calculator. From 1898. 
192 page paperback 

Order no. 4104 $9.95 


HOW TO MAKE MIRRORS 

Complete reprint of now-rare government booklet from 
1930's on various ways to silver mirrors. booklet 

Order no. 885 $3.00 


TESLA COIL SECRETS 
Page through the private notebooks of a builder of 
lightning bolt generators! Incredible diagrams and 
secrets! Rare info! paperback 

Order no. 4317 56.95 


EXPERIMENTS WITH ALTERNATE 

CURRENTS by Nikola Tesla 

Let the wizard himself explain his high voltage ex 
periments! This is a complete reprint of Tesla's 1904 
lecture in London. Details on wireless power transmis- 
sion! 170 page paperback 

Order no. 4392 $8.95 


ALTERNATOR SECRETS 
Get thousands of watts from common auto alternators! 
Run tools, lights, AC-DC appliances, charge batteries, do 
light arc welding and more! Jam-packed booklet! 

Order no. 80 $3.00 


RUN THREE PHASE MOTORS ON 

SINGLE PHASE POWERI 

Learn three proven methods in use since the turn of the 
century! No motor rewinding! Easily done. Jam-packed 
booklet! 

Order no. 81 $3.00 


MELT METAL 


CHARCOAL FOUNDRY 
Convert a five gallon pail into a powerful 
furnace to melt aluminum, pot metal, brass. 
Convert scrap into ingots and machine parts. 
Best selling paperback! 1980 

Order. no. 163 $6.95 


ORNAMENTAL METAL CASTING 

Learn how you can cast decorative plaques, 
chess sets, banks, even fountains from scrap 
aluminum. Possible money maker! Best selling 
paperback! 1986 

Order no. 4430 $7.95 


BRASS FOUNDING 

Learn the tricks of casting brass. Learn about 
alloy types, furnaces, molding technique, 
more. From 1903. large booklet 

Order no. 868 $4.00 


BLACKSMITH SHOP AND IRON FORGING 
Learn basics from this 1920 text for 
blacksmith apprentices. Then try the projects. 
Well illustrated. paperback 

Order no. 4074 $6.50 


Giant How-to Catalog! 


Discover rare, top-tate paperbacks, text 
books, industrial references on all types of 
unusual how-to: foundry, machine shop skills, 
engine repair, electronics, alternate energy, 
homesteading, survival skills, much morei 
Send $1.00 ($3.00 foreign airmail) for your 
copy of our latest catalog — filled with more 
great books than we can fit in this ad! Or re 
Quest free catalog with any book ordered from 
this ad! 


HOW TO ORDER 
Send your name, address, a list of the books 
you want, the total book cost, plus 75€ for 
the first book and 25¢ for each additional to 
cover shipping and handling. We accept 
checks and money orders. Or send VISA or 
MASTERCARD numbers with signature. II 
linois residents add 6% sales tax. All books 
ate guaranteed! You may return any book 
within 7 days for refund. Your satisfaction is 
guaranteed! Order today! 


Lindsay Publications, Inc: w, 


PO Box 12-EA, Bradley IL 60915-0012 


[I] Send a catalog! I've enclosed $1.00 ($3.00 foreign airmail) 


Ey Send the books I've listed and a fr 
for the first book and 25¢ for each addition 


Name 
Address 


talog. I've enclosed 75€ shipping 


City 
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[ Mason & 


HE Clockbuilders 
| EL Choice 


y Send 


subscription to our 56-page 
color clockbuilding supply 


T p 


v "i instrument: 


des clock kits, 


movements, weather 
hardware, 


tools, books, and accessories, 


Mason & Sullivan 


Fine Clockmakers Since 1947 
Dept. 1343, W. Yarmouth, Cape Cod, MA 02673. 


Wu. m 


AURORA AWARD WINNER 
MOST ENERGY EFFICIENT RESIDENCE 


American Ingenuity has developed an advanced building 
method for geodesic domes, Kits contain component 
building panels of  steel/fiber reinforced concrete 
bonded fo polystyrene foam Insulation, Also aval lable 
Screen dome kits, Send $5 for a planning Kit, 


AMERICAN INGENUITY , INC. 
3500 Harlock Road, Melbourne, Florida 32935 


The Ecological Tolle! System. 
* NO WATER 

e NO CHEMICALS 
* NO SEPTIC TANK 


“A BETTER IDEA FROM SANCOR™" 
For more information write or call 
SANCOR INDUSTRIES LTD. 
140 - 30 Milner Ave., Scarborough. Ontario 
Canada MIS 3R3 (416) 299-4818 


SMALL ENGINES 
‘SNOWMOBILE PARTS, 
GENERATORS & MORE. 


FREE CATALOG 
DISCOUNT PRICES 
SMALL ENGINE CITY 


3612 Lyrae So. Dep! PS 12 
Moreapoie MOVS=400 812 4724084 


CHECK IT OUT! 


There are more opportunities, 
products and services offered in 
the “Classified Opportunity Mart,” 
immediately following this section. 
You may find just what you've 
been looking for. 


The Foldable, Portable, Storable Tan 


"T 4 + Exclusive lightweight design” 


3 
ap. 


n 


Home Sunsystem " 


folds 9"' flat for storage. + Get a 
professional tan anytime, anywhere. 


* Guaranteed tan without sweating or burning. 


+ Keep a rich tan year-round — without the sun 


— 
High tech 
European design 
complements any 
bedroom or exercise room 
MADE IN USA 


Popular Science Indexes 
Box 2027, Latham, NY. 12111 
Enclosed is a total of $. 


D'as [784 [183 
178 C177 076 


h) AI 14 indexe 


(8175 


Name. 


Address. 


Ciy. 


^. YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


Tool 
Catalog 


Quality 
Products For 
Woodworkers 


Send today for your FREE copy of our new 
colorful catalog. It's fully illustrated with 
the finest quality tools, supplies, books, 
components, hardware, and much more. 
Satisfaction Guaranteed. 
Write today for your FREE catalog. 
W@DCRAFT SUPPLY CORP. 
Dept. PS126 
41 Atlantic Avenue, Box 4000 
Woburn, Massachusetts 01888 


30 DAY MONEY BACK GUARANTEE 


86POP6 


AN HOUR! 


Your FREE Lifetime Security Fact Kit tells you how to 
make $18.00 to $30.00 an hour in your own Foley- 
Belsaw Full-Service Saw and Tool Sharpening Busi- 
ness. Your FREE Fact Kit explains how you can: 


— be your own BOSS! 

— work full time or part tine, right at home. 

— do work you enjoy and take pride in. 

— operate a CASH business where 906 of every 
dollar you take in is clear CASH profit. 


And it is so easy to learn. Foley-Belsaw gives 
you all the facts and instructions. No experience or 
Special training is necessary. Foley-Belsaw tells you 
everything you need to know to be successful. 


And there's plenty of business available in your area. 
You will be able to sharpen all types of saws, garden 
and shop tools for home, farm and industry. 

You will be able to set your own hours and not have 
to worry about layoffs and strikes. And there are no 
franchise fees. Any age person can succeed. 


But you've got to get the FACTS before you can 

be started. So write NOW for your FREE Lifetime 

ecurity Fact Kit. It's yours to keep with NO 
OBLIGATION. 


CASH IN ON 
YOUR SKILLS 


Earn Big Bucks 


In Your Home Or 
Garage! 


Users Report 

Earnings Up To 

$75.00/HR And 

More. u. 

Do quality, precision work 

iust “ike the big shops. 
Now you can run INDUSTRIAL 
220 volt 30 equipment in your 
home on 220 volt 10 power 


Do it yourselt "PHASE 
CONVERTER KIT” is 
simple and fun to put 
together 
(Approx. 3 Hrs. Req'd) 
MODEL cosr 
HP $5905 
HP $09.05 
3 me $7995 
5 He 879.08 
Ti me $09.08 
$09.05 


PHASE CONVERTER 


1o we 
Send check or money order to: 
c 


521 West 90th St 
inne: 420 


For Installation and Assembly Instructions, 
send $5.00. ($5.00 refunded on 1st order) 


... send NOW for your FREE 
Lifetime Security Fact Kit! 


FREE 
LIFETIME 
SECURITY 
FACT KIT 

r ------------ 
The Foley-Belsaw Co. 
20376 Field Bldg. 

Kansas City, MO 64111 

(J YES, | want to know more! 
Please rush my FREE Lifetime Security Fact 
Kit. 


Address 


City State Zip 


——Ó—" má —À 
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ure, fresh water 
you want 
FREE! 


You can drill 

a water well in 
your backyard 

next weekend! 


Over 99,000 
home water wells 
drilled this easy, | 

low-cost way 
since 1962! 


CALL TOLL-FREE 
1-800-821-7700 


(Ask for Operator 5155) 
Or Clip Coupon and Mail Today! 
Anderson Road 

Opelil labama 36802 
Please mail your FREE Brochure. 


| 

| 

| 

| 

| Print Name 
| Rares 

| 


7 1986 


| Giy7Stare7Zip 


DOME HOME KITS 


Spacious...Efficient...Affordable... Monterey 
Domes Homes are designed 
for a lifetime of savings. 

Up to 50% more ener- 
gy efficient than every- 
day homes. Patented © 
building system 
comes precut 44. 
and color coded. 


eau sition toe color | 
M, Catalog & Plans Book. $6.00. | | 
Fully Guaranteed! J 
ur 

1 

1 

1 


CivSute i. 
‘Send To: MONTEREY DOMES 
1760 Chicago Ave. Dept. AR-12 
Riverside, Calif. 92517 


TRUMARK* 
225 YD RANGE! " J 
THE ORIGINAL 1 
New Handle Holds Ammo 

d 


me 

" 
$1500 2. 

LUN tenes IRAE Mad 

Mon rm ori 


LOCKSMITH 


EARNWHILE YOU LEARN — SEND FOR 

Big opportunities, Big profits, Earn quickly. Full or part time. Learn at home, 
ies emay Do reai obs while you icara All Toole Materials Supplied. 
State of Approved. Send name and address lor FREE book. No salesman will call 


DING 
RR-I REPLACEMENT BANDS 
SAS0 


pedo 
FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 


ZIP CODE 


Your home | 
workshop 
can PAY-OFF | 


Power Tool . FACTS TODAY! 


Planer Molder Saw 


Three power tools in one— 
a real money-maker for you! 
The Planer/Molder/Saw is a versatile 
piece of machinery. It turns out prof- 

itable precision molding, trim, floor- | 
ing, furniture... in all po) ular pat- 
terns. Rips, lanes, ‘lds sepa- 
rately... or all at once. Used by indi- 
vidual home craftsman, cabinet and 
picture framing shops, lumber yards, 
contractors and carpenters. 

Never before has there been a 
three-way, heavy-duty woodworker 
that does so many jobs for so little | 
cost. Saws to width, planes to desired 
thickness, and molds to any choice of 
patterns. Cuts any molding pattern 
you desire. Provides trouble-free per- 
formance. And is so simple to operate 
even beginners can use it! 


30-Day FREE Trial! excirinc Facts 


NO OBLIGATION-NO SALESMAN WILL CALL 


RUSH COUPON "ocaesS. 


KANSAS CITY, MO. 64111 
JP E END Em cu a -— 


Foley Belsaw Co "I 4 
59 Field Bldg. Fook 


Kansas City, Mo. 64111 


O YES, please send me the FREE Booklet that 
gives me complete facts about your Planer- 
Molder-Saw and full details on how I can qualify 
for a 30-Day Free Trial right in my own shop. 1 
understand there is No Obligation and that No 
Salesman will call. 


| 
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"7777 POPULAR SCIENCE BOOKS. 

H Box 2018, Latham, N.Y. 12111 

| Please rush ———— copy(ies) of COMPLETE 
1 GUIDE TO BUILDING LOG HOMES (No. 190) to me. 
E enclose $29.95, plus $2.64 to cover delivery 
and handling charges, for each copy ordered. 

Bill me later for $29.95, plus $2.64 to cover 
delivery and handling charges, for each copy 
ordered. 

(Res. of AZ. CA. CO, FL. GA. IL. MI, NY. OH, PA. SC, VA, VT. WI add sales tax.) 


TEES 


From felling trees t 


finishing touches, 
HOW TO 
BUILD A 
LOG HOME 


$29.95 


Complete Guide to 
Building Log Homes 

by Monte Burch 
The log building boom is on from Maine to Texas, 
and here's just the book to show you how to build 
your own handsome log home or rustic cabin. You 
get all the traditional log building techniques and. 
all the latest methods for building “new-genera- 
tion" log houses — all explained and illustrated step 
by step. You learn how to build foundations, 
footings. How to frame floors, walls, a second 
story, a roof. How to frame out doors and windows 
(and build them!). How to build stairways, decks, 
porches. How to finish inside. Also, wiring, plumb- 
ing how-to. All logbuilding styles (square-hewed, 
cordwood masonry, etc.). And more! | 

* BIG 8 x 10 FORMAT e HARDCOVER 

© 416 PAGES «MORE THAN 850 

SHOW-HOW ILLUSTRATIONS 
POPULAR SCIENCE BOOKS, 


Statement of Ownership. Management and Circulation (Re- 
quired by 39 U.S.C 
1A, Title of Publication: POPULAR SCIENCE 
IB. Publication No. 01617370. 
2. Date of Filing: 9/8/86 
X. Frequency of issue: Monthly 
3A. No of issues published annually: 12 
3B. Annual Subscription Price: $3.94 

4. Complete mailing address of known office of publication 
Times Mirror Magazines, Inc., 380 Madison Avenue, New York, 
NY 10017. 

5. Complete mailing address of the headquarters of general 
business offices of the publisher: Times Mirror Magazines, Inc., 
380 Madison Ave., New York, N.Y. 10017. 

6. Full names and complete mailing address of publisher, 
editor, and managing editor: Publisher, Grant A. Burnett, Ti 
Miror Mag Inc. 380 Madison Ave., New Yor 
10017; hief, C.P. Gilmore, 380 Madison Ave., Ni 
York. N.Y. 00. M. agi Er Herbert Shuldiner, 380 Mad- 
ison Ave.. New York 

7. Owner: Times Mirror Company. Times Mirror Square, 
Los Angeles. CA 90053 

8. Known bondholders, mortgages, and other security hold- 
ers owning or holding | percent or more of total amount of 
bonds, mortgages or other securities: None. 

9. Relates to non-profit organizations and does not apy 

10. Extent and nature of circulation: A. Total no. copied Na 
Press Run): Average no. copies each issue during preceding 12 
months, 2,156,895; Actual no. copies of single issue published 
nearest to filing date. 2,190,320. B. Paid and/or requested cir- 
culation: 1. Sales through dealers and carriers, street vendors 
and counter sales: Average no. copies each issue during pre- 
ceding 12 months, 212.206: Actual no. copies of single issue 
published nearest to filing date, 160.482. 2. Mail subscription 
(Paid and/or requested): Average no. copies cach issue during 
preceding 12 months, 1,620,309; Actual no. copies of single issue 
published nearest to filing date, 1.643.469. C. Total paid and/or 
requested circulation (Sum of 10B1 and 1082): Average no. cop- 
ies each issue during preceding 12 months. 1.832.515; Actual 
no. copies of single issue published nearest to filing date, 
1,803,951. D. Free distribution by mi carrier or other means. 
Sample 


each issue during pr 
copies of single issue publist 862, 

- Copies not distributed, 1. Office use. left over, unaccounted. 
spoiled after printing: Average no. copies each issue during 
preceding 12 months, 1.213; Actual no. copies of single issue 
published nearest to filing date. 1,713. 2. Return from News 
Agents: Average no. copies each’ issue during preceding 12 
months, 268.138: Actual no. copies of single issue published 
nearest to filing date. 326.554. G. Total (Sum of E. FI and 2 
should equal net press run shown in A); Average no, copies 
each issue during preceding 12 months, 2,156,895; Actual no. 
Sopes of sage Gs pute neret i filing date, 2,190,320. 

11. T certify that the statements made by me above are cor- 
rect and complete. (Signed) John D. Martin, Controller. 


HARD-TO-FIND SCIENCE BUYS NOW ON SALE! 


America's Largest Mai 


Order Market Place of Unusual and Fascinating Values of Science, Weather, Health, Electronics, 


Magnets, Tools, Science Kits, Magnifiers, Microscopes, Telescopes and More. For Hobbyists, Gadgeteers, Students and Educators. 


‘win Beam Balance Scale, 

3o Small You Can Carry it 2 
With You Anywhere. 

fonte te accuracy ano 

iependabity ofamutbeam f 

Jes win a mi, compact. Dy $ 
Tooke sie unt Fast setup. 

Ya assemby required. zx inet Pis 
swag Capcity 4 gan; Snc 
Jon. 025 grams 

V6 $250 or postage and handing 


"Moisture Magnet" Absorbs Moisture. 

And Helps Stop Mildew And Musty Odors. 
“Moisture Magnet” virtually 
eliminates dampness and 
mildew caused by moisture 

Place in closets, drawers and 

basements- Dry Guard aum 

mum canister contans me 
ure absorbing chercalbe 
that absorb water When 


win alumi 


gram. Gara 
0036.28 $2495 | 


beads tum pi. ust heit n 

Teuse. Chemical inert non-corrosive, noreto 

Wil not impart odor 0036 681 $6.95 
1d $2.80 postage and handing 3 or more $6.25 each | 

{wo-In-One 50X Microscope Becomes 

14 10X Sportsman's Telescope. 

Two precision quality instruments in 

one. wh fly m: 

"cope you geta powerl 50X magn 

don for clove inspection of ne deti 

examining tny objects. Study insects, 

minerais, stamps, ec, Simply ttt focus, MICROSCOPE 

Highly polished metal rei 

maximum bght on the objec. Extend ne 

Tube and it becomes a 10X telescope. 

perfect for hunters, bird watchers, acing 

and sports fans." DD3T $14.95 

Adi S2 S0 tor postage and hanaing 

Juild Your Own 2000° Solar Furnace With This 
resnel Lens And Harness The Sun's Rays! 

You beable to usa ts pre- 

7, son lens as asolar e 


Y other soar 
11. 50 nes. 
«rich 


AN etl or 
). ecm, Lens has an 8 
per inc, mes b 
)nmounted lens come: 
book, "Fun With Fres 
Included on how to bu 
and frame shown 


Walch A Society Of Ants Dig Tunnels, m 
Bridges And Move Mountains Before Your Eyes! 


we the wort’ finest ang 
seeing tem plan and const 
ate highways and subways 
Through the large plastic case ofthe cage We — 
(10:157) ofthis gant ant farm, \ 


youl see the ant solders guard. 
Tag the roads. the laborers carry- 

Vir load and the supply 
‘corps storing away food for the 
whole colony, DO70,295 $17.85. 
‘Ad $2.50 postage and handing 


Easy To Mentiy Sta Stars In The shy with) — 


Rotating Star/Planet Locator. 
Handy chart shows location o! 500 stars 
and er relatonship and o 

ma Plotted by astrono 


«| Unique Spring-Loaded Reel Has Many 
€ ications For The Creative Craftsman. 
va CABLE EXTENDS > 
es} I 
| 


(EAS 
hole. Cable with 


1/64" dia x 57" wide with 32” sq center 
let extends to 5 ft and has 2 nominal 
retracting load ot 07 bs. D035,815 $19.95 
Add $2 50 for postage and handing 3 or more S18 each 


Mini-Vac, The Powerful Micro Cleaning System 
For Your Fine, Expensive Equipment. 
Dustandditistheenemyot / 
our camera enses sto, 
Computer, Bpen aed LJ 
Cttee machines Ths pow- 
| not dst partcies rom 
mute 
Fien areas Coes win2 2 
wands for etng 
| -reach comers. cioth bag NA 
rrr ere iil mrt 
‘sé $2 5 hr 


Nutty Magnet Balls Jump, Wiggle... 

,, And Defy The Law Of Gravity. 

; There's no end to he imaginative gs 

"di mh pese magnetot marier T T 

Way drciont aking os wit gamme of 

marbles! Great enterament at pares, a un 

"ay t each chidren abou magnets Pack 
P age ot als. ITI 

Add $1 00 for postage and handing 


Easy To-Read, Giant Thermometer With 2" Dial 
Registers Both High And Low Daily Temperatures. 


E 


‘maximum tenperatre o! Pe day ans 
| Sosruce o an quay steet an 
‘orators and neat ostio D072. ART E 
eg. 518.95 SPECIAL PRICE S298, 


Add $2.50 or postage and handing 


Australian Aboriginal Boomerang. ~ 
g It Actually Flies Back To You. 
Ater a tew hours practice with ths authentic 
boomerang yout amaze yoursel- and yout 
"nenas thf mystenous aby to reverse 
srecton m ma fiit and reum to you Hand 
pando won em coo aes pat 
tions included. D035.,848 $9.95 
‘Ait 52 50 lor postage and handing 


Flying Bird 
From France. 
Ts marvelous bed wil bong 
Tours o an fase wo 

‘span and can fly up to ri 
Mon and a distance of 150 t 
| Pov: sts best meg net ana ‘ust tr 
Vp down, swooping fight Made of song myar dub 
| ge ‘with rubber beak 1720 $795 
Ad $2 0 tor postage and handing 


4) LEE 


Later Rubber Mold Compound. 
Make replicas of most any object. duplicating 
{he nest deta cons, medallons, charms, 
figurines and more. Form Nexibie, durable 
‘molds. Use with plaster or expandable foams. 

Size. 0D42.446 $15.95 
Add $2.50 for postage and handing 


Radiometer... Space Age Sphere. 
Is fascinating to watch the delicate vanes 

with this 5" precision-made sphere spin 

faster and faster sustraing the basic pen 

ciple ot solar heating When ight stnkes ne 

vanes it transfers neat, and the vanes begin — 


Eme ewe TA 
ds 


thea on An aer Rame 
Piece" fr your one, Aad 
td handing heg. 96.99 060,082 $098 


Here's The Most Comfortable, Shock-Absorbing | 


Camera/Binocular Neck Strap We've Ever Seen. 
Made of space-age neoprene strap is ight BBN) 
weight, comfortable, washable and oat. | 


‘Wine 0036.664 Navy 0036, 
Black DD36,665 (indicate color choice) 
Add $2.80 for postage and handling 


Digital Thermometer Reads 
How Cold It Is Outside. 


Tis mew hgh -tech marvel 
ure In yaur home and outside, ioo. Can 


2v" Reg. $24.85 
0034,005 $19.95 


You'd Almost Think Our Whistle Was The Siren 
Wail Heard From A Police Car! 

Ths super white | 

Biren-type wizzing 

noise from ade 


ads temp 


y 
sm crafted by skilled British white makers 
jl piece gives extra amplfcaton. 


0035.888 24.95 


sporting event 
Ad 52 50 for postage and handing 


Worlds Smallest Fluorescent 

| Blacklight Fits In Shirt Pocket. 
Tusmnlacaign wi detec cerk genes 
Woran Bathe “stows were cet 
inks are used mart logetes "deaf roca 
minerai caecus arci for ng hers ot 
Bugs and tutes. 2¥ v ev weg ony 
Sor Requires 4 AA battenes frat el) 


Ultra Mini Motors For 
Science Fair Projects. 
For me robyt wth magna. 
ton Mere are many uses wi 
tnt toys robot component 


fam in disc cameras Measures 
with aera. K 3a long shaft A! 3 vols 20079. tey wi 
do 7500'oms “Solar cell to run motor 0031276 $5.95 
Pug. 25 0036.341 $18.75, Pkg. 100 035.342 $60 
Add $2 50 lor postage and handing 


/| Our Intelligent Yo-Yo With A “Brain? 


Its The Longest Spinning Yo-Yo Around! 
A simple fick of the wrist pre 
programs this patented yo-yo, 
allowing it to spin freely at the 
fend of the sting, Suspended 
youcando ticks, such as Wa € 
The Dog: Rock The Baby. Bran. 
Twisters" and more. It operates 
on a centriugal clutch principie 
‘hat allows it to spin faster and 
longer than any other yo-yo 
before returning to the user's 
hand Precision engineered, the clear plas boy shows the 
Cuthiacon ^ Add S2 50 for postage and handing 
| No Risk Guarantee! ! you are not 
in its original and we will cheer 


Not Take Up An Ocean Of Space. (S3 


)), Min aquarium is a beauthuty fashioned accent 


Build Your Own 
Nuclear Power 


Based on Three Mie island, this detailed 1/80 "W scale kit 
has 79 parts molded m colors Includes contamment buiding. 


^| cooking tower and generator staton on a 14 x 16” base. Stack 


saw 
Aa 82. 


For ages 12 and over. 
tor postage and handing. 


0036,78 $11.50 


Miniature Water Pump For Photo Darkrooms, 


Science Fairs, Water Displays. 


This ony pumo can pump 2 

pnt per minute wih a 1 

high fw ideal for tempera. ^J 

ture control and orculabon. 

‘of darzoom chemacals able ountans. model waterials, water 

fatraton and more. Can be used in ether recon and is sei 

priming Operates on 2 astáght batenes (not inci ). runs up 

to a8 hours before banery change is required. 4” lube incl 

Add $2 50 for postage and handing 

Here's An 

That Never | Q 
TA When power tare strikes, and your 

batienes go dead, Dynamo Radio! 

Flashlight comes to the rescue. A 

ungue. self-contained hand-crank 
or provides sufficient power 

Y hours of mportant AM/FM radio 
emergency informaton anda power- 
M bi bgt tom sath A 


EDD mie 
Fun And iotgig! Yr Play For How 
Magnetic Magic Marbles. 


Ti riti 
Heinr 
ems with hese fascinating, high impact 
pst marbles. Each mabe has both a 
negative and positive cole A chal 
your imagnaton Fun for youngsters (d 
‘adults, too! 20 marbles per pack 
0034 868 (Package of 20) 53.49 
 DOZ7 888 (Package of 100) $14.95. 
DID LIS 


reae Photo fec. 


Vibrant colors for striking photo. 
fects, 


Heat ressant. 0.0005 


Bookiet of 44 sheets, each a dierent color 
Sookie: 19413" DOAO,675 $5.95 518° D060,403 $32.95 
Aralable in 20:24” sheets (speciy order # below) $898 


Orage 
[--UTT- 11 ANN 
100 Piece Peg Board Hardware Bonanza. 


SPECIAL 
PURCHASE! 
Brand new indus 
tral peg board 
hardware ata very 
special savings. Our bargain pack con- 
tains 95:7 hooks and 5 so place “screw: 
river” racks. Organize your workshop, 


‘Ad $2 50 for postage and handing. 


jic Miners Lantern 

Will Brighten Your Night. 
This true authentic reproduction of a 
coal miners lantern of a bygone era 
== wil add charm to your study or den. 
= Hanécraftedin sobd brass, the carbide 
lantern and 4” refiector produces an 
credibly bnght ight. Starts easy with 
the strike ot a fint. uses carbide fel (comes with a 2 I. fuel 
Supply) Measures 5'4” tal. 034,744 $24.95 

‘Add $2 50 or postage and handing 


Great AM Radio With Select-ATenna. 
Listen To Station NY. When In Boston. 
oU now get excellent rado reception on al AM stations, 
‘Select-ATenna tums your AM ado 

"nto a powertul receiver. Used in 

Alaska to pulin stations from con- 

‘Senta US. Employs mutualy in- 

uctve couping Mini-jack and 

‘plug with 50 ft of hook-up wire. 

Wirda — DOT2MI$3995 

‘Aad $2 SÜfor postage and handy. 


lly satisfied with your purchase, return the merchandise 
ly refund your money in full. We back our products! 


‘Our 30 day unconditional guarantee means you take no risk on any product you buy from us. 


Edmund Scientific Co. 


Dept. 2102, DD12, Edscorp Bldg., Barrington, NJ 08007 


| Full Size Fresnel Magnifier Enlarges. 
| HardTo-Read Tiny Print On An 8Yextt” Page. 
one nR rios pac 
products | pg) scena or smal pe 
rage kids | "nr M jet ores, Atnugh not 
periments | ph, i5 to glass fr E 
greatest mirro. 


zi gadgets instru| 


ns sus Mado lae Smm Ick 
‘hopping & handing DDSVSIS $6.95 


‘cover aul stanaar 
to keep fingers 
servic, Ada Se 


One-Way Miror For Fun At Home Or Where 

/ Surveillance Is Required. 
The Edmund, — yy. This is the same One- 
Wi/ e “SG Way Miror as seen on 


Close i 
Snap Wit 
25X 

Pocket 


Microscoj 
Reg. $10.95 


ONLY $2.50 


TV n police station in- 
terrogation rooms. The 

/ person looking into the 

| OneWay Miror sees. 

TA only his own reflection. 

T But, trom the opposite 

side. the observer is 

completely hidden and 

can see every move- 

ment, 506 reecton, 489 transmission, 008 tick 
42148" D083,002 $255 —— 2036" D070,326 $16.70 
TIVAZT" DD6O,T1S $6.80. Add S2 50 or shipping & handling 


This Clever Gadget Will 

Tell You How High You Are. 

Whether youre driving cross county or 

eng m the mountains, ths Abmeter wil 

tell you how hah you are Shows eleva 

Ton rom sez leve! to 18,000 fet. Can be 

mounted to dashboard with self stc 

{ape (nd) or has pred screw holes. Aso has builtin 
Barometer Wim case fr hikers and bikers. eg. 824 
40d $2 50 tor postage and handing. — DD34SM $18.95 


Aj Go Fishing With This Mighty May net 
zZ; Litt up to 2001s. Fun to use around docks 

and bridges, A must ora boat, it heips 

fetieve metal oci that fal overboard 

{outta a wnat you pu. Wt 

2s., measures xod ade wha 

oy ny Goa cong orate 

n and chipping. 0071.18 $26.95 

‘A $2 50 tor postage and handing 


The Authentic 
Five Chime Steam Engine Sound. 

Bett 

‘ste wl e you on atng to yesteryear 

when the steam engine tan was Mg 

Si" ong. Weigh just tree ounces 

Makes a excelent i tor rairoaders of 

ages Includes ouctons on how to 

Smut rants and oferta sounds 


Carry this pocket microscope 
with you -ir's only 5” long, 
rushed aluminum hist and 
pocket cip. Precision ground 
lens system gives dtorton tree 
detail inspacon Clear acryic. 
Dase gies sharp view. 

Otter mit: only 1 per order 


"Crush-A-Can" Flattens. 
Cans To Only One Inch! 


Simple to use, just pul e ever 
Helps promote a cleaner env 
ronment and condenses trash 
in your home. No more bulky 
garbage bags. Al steel model 
measures Yd Vnd" Easy 
16 mount Light tan 


Large Plexiglas 
Mirrors Give Panoramic 
View For Safety And 


Poci; Size Minimum/Maximum Thermometer 
Gives 3 Readings At Once! 

A must for outdoorsmen! Records 
current temperature as well as the 
days hgh and low extremes. Easy to 
tead Cand F scale (— 40°F t0+130°F) 

|| Monitor temperatures where sensi- 
J/ wa materiais are stored. 24° da x 
Plastic dial. With mounting bracket 
and screws. 0036, 
Lr sees an 


nding Jig A Most. 


$11.50 


Metal 
Versatile Shop Tool. wy 
| kts easy to bend meta stock 
| nto intricate shapes. Makes. = 


| dean saab Mar. M 
7, mum capacity 3⁄4" rounc 
mo WAR ht bal mid A S 
Sue ao mating glass 
"movet rro ars fo stained glass. ere 
rami mirror. oo; 


‘Ait 2 50 tor postage and handing. 36,013 S19. 
proves wide 


: ne ORDER BY PHONE 
Call (609) 573-6250 


"one Uic and nay Sate 
üfectee image quy iZ. | Use VISA, MasterCard, Diners Club, Amer. Exp. 
arare Blanche: Ca anytime, 24 hours a day. 


Sarenet” "Ojo dads | 


AISE 50 br poste hag S 


f Edmund Scientific Co., Dept. 2102 
DD12 Edscorp Bldg., Barrington, NJ 08007 
Method ot Payment. STOCK NO. | OTY 

"Check enclosed 
C MasterCard 
C Amencan Express 
VISA 
C Diners Cu. 

Cane Bianche 


Ex Das 
TOTAL PRICE. 


[E 
O SENDFREE ^0 Shipping Charges. 
INNU Add ^o Sas Ta 


SEND FOR 


FREE 


60 PAGE 
CATALOG 


Thousands of exclusive, 
iique and exciting values. 
Something educational 
fascinating and useful for 
every hobbyist, gadgeteer, 
student and educator. 


Tota Enclosed. 


lassified Opportunity Mart 


Reach 4/2 million readers every month with an ad in Popular Science's Classified Opportunity Mart. 
FEBRUARY Issue Deadline (on sale JANUARY 14) is NOVEMBER 25. Rates available on request. 
Please write to: Popular Science, Classified Dept. 6C, 380 Madison Avenue, New York, NY 10017. 


CHRISTMAS GIFTS 


KOREAN Money Sock. We: 
under pantleg. Eliminate bulging pockets. 
Protect valuables. $8.00 ppd, Friendship 

3 uite 208, 


HOLOGRAMS! 

velous gifts! Comprehensive catalog And 
sample hologram, $1.00. Holos Gallery, 
Dept. PS-4,1792 Haight St., San Francisco, 
CA 94117. 


LIVE! STEAM MODELS 
EXCITING 
CHRISTMAS GIFTS 


WORKING STEAM TRACTOR? Has forward, reverse, worn 
ist Son glass, sey valve, Steel, Zn de castos yid 
Single acting brass cyinder & Piston 9941. ATW. GHH 
‘Weight 32 pounds, Fue! supple. Runs or 15 minutes per hung 
95L | bera Fuel 4 95 N A TR. award winners 
STEAM POWER ENGINE. Powerful, compact 
gine Mas Oseilating brass cyhndee. paton and 
ass bovier Safety valve, yv & smoke stack 
$48.95 Accessories Jor TRACTOR or ENGINE 
WORKSHOP. has Polshing machine. Grinding 
machine, Power Hammer, & Power Press $49 95 
ISTEAM BOOK $4 957 Price ist St 00 (refundable) Guaranteed 
Prompt Prepaid shipments. Order Today Cheque M.0 C 0 D 
DIAMOND ENTERPRISES, 
Dept PSD. Box 537, Alexandra Bay, NY 13607 
Phone: (613) 475-1771 
FOR Canadian prices: RA#3. Brighton. Ontario KOK 1HO 


GIFTS 


“WHISTLE For Keys” Keychain $2.59, 
3/$6.99. Satisfaction guaranteed. Gifts, 
23441 Golden Springs #157, Diamond Bar, 
CA 91765. 


ART 


ORIGINAL oil paintings on canvas 
assorted sizes, scenes. Particulars free. 
Smith Enterprises, 7920 Ransom Rd., Nor- 
folk, VA 23518. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding 
Book, Price: Hedelund Engineering, Box 
6024, Las Vegas, NV 89126. 


QUICK FIT SNOW IS New Rud- 
matic put on in seconds. All cars RV'S. Free 
Information. A-Tech S, 6265 Lt. Applegate, 
Jacksonville, OR 97530. Ph. (503) 899- 
8061. 


Mary C. Ansbro, Class. Adv. Dir. 


on calf 


Dorothy Ellis, Sr. Class. Adv. Asst. 


Casio Data Bank Tele-Memo Watch 
'* A wrist computer Stores 50 sets 
pi Siemers b T2mumbers passara 
[^ 


© 12/24 hour format e auto calendar 
* long Me battery © all stamless 


Steel chrome OBC-600 - $39. DBC -60 
all black polysyifone - $29, 


RG. ATHLETIC SYSTEMS 
Bex 1708, Lakeside, CA 62040 


BUILD A BIKECAR 
|The Amazing Mini Car You Can 
Build with Bicycle Paris! =A 


SPORTRAN CO. 
P.O. Box 70775. 
Endicott. NY 13760 


FREEINFO! 
37865. 


rter and Alter- 
Syemour, TN 


Safety Equipment 
Park, CO 80517. (303) 


E 


Like Old Cars? 
pel 


Subscribe to Hemmings ai 
Motor News,word'slarg- a G d) 
est old car marketplace [N 
Hemmings has over 600 


pages of ads each month, crammed with thov- 
sands of old cars and parts for sale. Only $16.75 
for 12 giant issues. Subscribe to the bible" of old 
car collectors today. Send to: 

Hemmings Motor News 
Dept. D17,Box 100, Bennington, VT 05201 
ORDER TOLL FREE 
1-800-228-2028 (Ext 137) 
(Within Nebraska dial 1-800-642-8300) 
VISA/ MasterCard Only 


FLYING WING! 12° Aluminum Stealth 
Bomber mobile, $9.00: S.B. Cosmo, Sin- 
clair Island, WA 98221 


© Uses low-cost fuet 
'€ No license needed 


Helicopter Experimenter's 
cigs sme mm 


New! 
An exciting 
Kit Helicopter! 


POW. 
G8-2 PRESSURE JET 


FOR HELICOPTERS, 
PLANES & GLIDERS 
* PLANS ® KITS 
COMPLETED JETS 


BUILT BY HOME BUILDERS. 

FOR OVER 20 YEARS! 

JET POWER" colon = uo 49.95 

130-LB, THRUST JI INTS ... 25.00 

20-LB. THRUST JETE PINTS 15.00 
endi for FREE. BROCHURES! 

Complete Information Package 

age Technical Handbook 


EMG ENGINEERING 
P.O. BOX 1368-G 
HESPERIA. CA 92345 


STAR-CRAFT I 


2-man aircraft designed for vertical take- 
off and landing. Cruise at over 100 MPH. 
Build from kit. Components now available. 
For info send $10 00 to Star-Craft, 900 No. 
400 W. #9, No. SLC., Utah 84054 


BUILD A ROLLS ROYCE Ra 
IN YOUR BACKYARD! pfe 
(Or Stutz Bearcat, Ford T f 
Jeep. Mercedes SSK. 
[Bugatt. All 2/5Sc. 


AVIATION 


BOOMERANGS  — INCREDIBLE 
RETURNS! Unique mee Exciting hobby. 
FREE 10th Anniv talog. World's 


roe, LA 71201-4222 


BUILD THE WORLDS MOST INEX- 
PENSIVE TWO PLACE HELICOPTER. 
Information pack $10.00, Cobra, Helicop- 
ters, Box 396, Danville, IN 461: 


reste Lr) 


5 Models 


Availabe imme = 


You Can Build for Under *900 "el 


[Siew noron 0, INC. rosin KS 67144 


In just minutes, you can | 

bulid this se self-contained 
hot-air balloon from or- 

dinary household items! 

Kendali Ço: 15035 N. 73rd $1. Scottsdale AZ 85260. 


ROCKET PROPULSION SYSTE] 
Info-pack on Jet Propulsion SÌ 
tem that propels you appr 
mately 85 feet high at 60 MI 
Send $10.98 to: 

PROPULSION 
P.O. Box 2624 
Arlington, Va. 22202 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft bi 

easily with ordinary tools. Lawnmo! 

engine powered, Carries one man pl 
Flies over land/snow/water. Compl 
plans and booklet. $10.95, Aero-Proy 
jox 5IBPS, Clinton, Nd 08809. 


ADVANCED ‘Ultralight Hoverer: 
Unique controls, simple operation, qu| 
versatile and save. Infopaek $6.00. W 

LH, PO. Box 478, Carleton Pl 
Ontario, Canada, K7C3P5. 


HOVERCRAFT plans. 7 to 80 hor 
power. Information $2.00. Sevtec, PO. 
8468, Monroe, WA 98272. 


BOATS, INBOARD/OUTBOARD 
MOTORS 


n 
BOAT Plans — Patterns — Kits — Hi 
dreds of designs — Sailboats — Pow 
boats — Sportsfishers — Rowboats 
Duckboats — Bassboats — Canoes 
Hydroplanes — Simple construction 
Proven results — 'mendous savin 
Gigantic 160-page catalog $3.00 ($4 
Airmail) — Includes Free "Boatbuild 
Supplies" catalog. GLEN-L, 9152 Ro 
crans, Box 756SP, Bellflower, CA 90706 


BOATS KITS—SAIL—16'30' all tri 
erable molded fiberglass hulls and de 
come factory assembled—you inst 
factory supplied interior. Save half facts 
built cost! No Ca required. FR 
40 page catalog. LUGER, Dept. AC-I 
PO! Box 1398, Si. Joseph, MO 64502 
1(800) Boat Kit; MO: (816) 233-5n 


BOAT KITS - PLANS - PATTERN: 
FRAME KITS - 200 Designs-40th year 
80° - Plywood - Fiberglass - Steel - POWE 
BOATS - Cruisers - Houseboats - H; 
lanes - Runabouts - Duckboats (Cai 
ayaks) - SAILBOATS - 


Epoxi i 5 
ALOGUE$3.00 (Airmail $5.00) (Book Ar 
teur Boatbuilding $6.75) Clarkcraft 1 
Aqualane, Tonawanda, NY 14150. 


IDE—OTHER BRANDS 19 
BARGAINS... All Sizes...$2.00 Handli 
Scott McCulloch parts...Electra Mari 
610 Merrick Road, Lynbrook, New Yi 
11563. 


BURGLARS/FIRE ALARMS 


DON'T READ THIS if you think earn 
over $100,000 yearly is impossible. ¥ 
CAN in Burglar/Security Business. S 
for your FREE dealer information pack 

lay. Enclose $2.00 shipping, handling 
checks. Unique Security Systems, 9: 
Monte Vista, Montclair, CA 91763. 


CAMERAS & PHOTO SUPPLIE 
FILM? Details $2. 


FREE KODAK 
T&M Trading Company, Box 1086 
Mount Pleasant, NC 28124. 


110 | POPULAR SCIENCE 


ALL TERRAIN VEHICLES 


Amphibious 
2 and 4 passenger models 
Call toll-free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada toll-free 1-800-338-0012 
Recreatives Industries, Inc 

60 Depot Street 

Buffalo. NY 14206 


[if the territory stillis open 


ASTRONAUTICS 


IGRAVITY — PARANORMAL 
ERGY. Information Package $2. 00. 
k Box 5286, Springfield, VA 22150 


SHUTTLE PHOTO CALEN- 
US $1.25, RICON, 5863-PS Vil- 
Forest, Houston, 77092. 


BUILD YOUR OWN 
ROCKET MOTORS! 


i * 40 POUNDS THRUST! 
(| * FIFTY CENTS EACH! 
| * BUILD A DOZEN IN 

L AN EVENING! 


nm 
er pan ck 
vat Tomi ro i fu a ro he 


fh 
nili 


FREE COLOR CATALOG 
|Choose from over 100 kites. 

Many unusual & innovative kinds. 
Call or write for your catalog today! "ll 


Into The Wind »(303)449-5356 [| 
2047-P Broadway, Boulder, CO mez 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 
ARE TECHNICAL DATA. ASTOUNDING 
O-PAGE CATALOG, $2. EXSMAMOH; 
OX 1258, BERKELEY, CA 


JOSEPH NEWMAN ENERGY 
HINE VIDEO TAPES - VHS or BETA - 

end SASE for information. Hartwell 
ideo Products, PO Box 10293, Jefferson, 
A 70181-0293. 


“MICRO HYDRO DESIGN", a catalog 
aturing instructions in site and system 
"sign. CANYON “standardized” turbines, 
mplete data and pricing. Send $2.00 US. 
: Canyon Industries, PO. Box 574C, 
eming, WA 98244. 


SOLAR COLLECTOR KITS for space 
sating - Kit includes wall mounted 4 x 8 
uminum framed collector plus fan, duct, 
\ermostat, mounting hardware, and 
ugs into existing outlet. $1095 (Illinois 
wsidents add 6% sales tax). Shipped 
eight collect. Allow 8 weeks for delivery. 
r, send $1.00 and Sase for information. 
ET, 618 E. Washington, Hoopeston, IL 
942. 


BUILD YOUROWN WIND GENERATOR 
Generate Your Own Electricity 
Buy this unique, drect drive 
generator and receve free 
Panstobuldyourownhgh ,. 
 Qualty wind 
THERMAX CORPORATION, Dept PS126 


ONE MILL ST, BURLINGTON, VT 05401 802 658-1086 
S9 MAN ST, VANIKLEEK HLL OT KOB 18063 678-3022 


AMAZING - SOLAR SURVIVAL KIT. 
New Booklet Tells How $4.00 Guaranteed! 
Foshe, P.O. Box 764252, Dallas, TX 75376- 
4252. 


FREE HYDROGEN FUEL and Oxygen 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie Power, Box 
8291, Edmonton, Alberta, T6H OLO, 
Canada. 


SOLAR, GREENHOUSE, & ENERGY 
SAVING PRODUCTS CATALOG! 
Components. Completa Systoms 

IB secbons 


100 
SOLAR COMPONENTS CORPORATION, 
Dept. PS, P.O. Box 237, 
Manchester, NH 03105. 


ENERGY SAVING. 


SAVE ON LIGHTBULB COSTS. Unique 
device extends bulb life 60-100x. UL 
Listed. Sase + $1.00 for sample and 
details, B&J Associates, 16 Yorktown CT, 
DE 19702 


ENERGY $$'S! Compute return 
on investment of "Energy Saving" equip- 
ment BEFORE YOU BUY. Calculate true 
heating/cooling costs. $9.95 booklet gives 
examples, simples calculations, forms. 
Kencor, Box 511, Dept. PS, Rosemont, IL 
60018. 


HOME CRAFTSMAN 


STEAM ENGINE KITS, Power models 
finge to you! u! Send $1.00 for literature. 
PM. Research Inc., Dept. 5, Rd #2, Box 29, 
Wellsville, NY 14895. 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


SYNCHRONIZE YOUR CHRISTMAS 
DISPLAY, make it more impressive. Write: 
Display, Box 2035, Inver Grove, MN 55075. 


ELECTROPLATING. Complete Text- 
book. Electroplate Metallics/Nonmetal- 
lics. $11.95. Details Free. Tropic, Palm Bay, 
FL 32906-0095. 


BUILD YOUR OWN SATELLITE DISH 
ANTENNA. Book Provides Pictures, Illus- 
trations, Easy To Follow Instructions for 
10-Yeft Dish Antenna. Send $12.00. Power 
Gain Systems, Dept B, PO. Box 2955, West. 
Monroe, LA 71291. 


STOP NEIGHBOR'S LOUD STEREO, 
FAST! Simple instructions, inexpensive 
materials. Legal. " pen $2. (refund- 


WATER HEATER 
Econo-therm instant in-line water heater 

ys for itself. You can build it for less than 
550. 00. Plans and parte list $10.00. Econo- 
therm, 1514 S. 
36301. 


ates Dothan, AL 


BUILD YOUR OWN TRANSIT — Level/ 
Grade Driveways, Foundations, Landscap- 
ing. Materials Less Than $20.00 Easy 
Plans/Instruction $10.00. PSN, PO. Box 
568, Redmond, WA 98073 


MICRO BUGS 


Highly advanced bugging equipment. Ultra 

small transmitters, concrete mics, telephone. 

pen bugs and much more. Send $2.00 to 
MICROCOM for catalog 
(REFUNDABLE). Unbeatable 


COM TECHNOLOGY 


Y 3M 
ble). BAILEY'S, È - "EID nd. OH 441 
able), BAILEY'S, 424, West Common- Msg stu nd ON 
Send beam af igh 

nd your voice over a beam of light via an " 
optical fiber Complete kit ($39.95) PARADOX 
includes Microphone, Speaker, Fiber, ~ SCIENCE | 
PCB'S and all parts. Easily mbled. NERGY & ANTI-GRAVITY ! 


Plans package only - $5.95. Send to: FIBER 
SCIENCES, Box 5355, Chatsworth, CA 
91313-5355. California residents add 6.5% 


BLOCKS—Make by hand 
for business or own mue Little invest- 
ment, only basic skills needed. Send $6 for 
information package. E-Z BLOCK MOLD 
CO., INC. Dept. 286 PO. Box 28747, St. 
Louis, MO 63146. 


"TRAILER RUNNING 
component & pn 
illustrations. $. 


ING GEAR" 94-page 
guide, hundreds of 
lus $2.00 postage & 
handling; Trailer Dep t, Box 21296, 2030 
Cross St., Eugene, OR 97402. ATTN: Todd. 


MAKE WOODEN TOYS, whirligigs, 
classic autos, swing sets, doll houses, 
crafts, furniture with our plans, parts, kits, 
supplies. Color catalog subscription $1 
(614) 484-4363. Cherry Tree Toys, Belmont, 
OH 43718-0369. 


WOODCRAFT PATTERNS, Windmills, 
Wells, Bird Houses, Whirli, 


igs igsawing 
Catalog $1.00. 11840 North US. 27, 
DeWitt, MI 48820. 


WIDE selection of plans and patterns for 
woodworkers. Simple bird houses, toys, 
weathervanes, furniture, entertainment 
centers, computer desks, and much more. 
Catalog $.50. Craftplan Co., Dept 962, 
Rogers, MN 55374. 


DOES YOUR SUMP PUMP WORK dur- 
ing power failure - Ours Does - without a 
plumber. Catalog $1.00 Refundable. Resi- 
dential Safety Systems Inc., 600 Cross St., 
Bldg. A, Lakewood, NJ 08701. 


GET ORGANIZEDI 


MODERN WOODWORKING (Rev.) _ 


Woodworking technique, ^ 
cabinet, furniture making, 
house building, more. 

To order ask for Book No. a 
m GJ 
x a 


6107 and send check or 
money order for $39.95 plus 


$2.64 delivery and handling to JE - 
Popular Science Books, (53955 
Dept. P6YP PO. Box 2018. 2 

Latham, N.Y 12111 - 


DO IT YOURSELF 


AUTO FUEL FROM 
WATER. Amazing Free Report. Merit, Box 
5363, Louisville, KY 40205. 


APPLIANCE REPAIR — Illustrated 
How-To book shows easy volt/ohmmeter 
problem checks, washers, dryers, refriger- 
ators. Free details, DLRP, 713 Silvertone, 
Richardson, TX 75080D. 


VOICE Disguiser, FM Transmitter, Tele- 
phone Transmitter and More! Send 
stamped envelope: Xandi, Box 25647, 
"Tempe AZ 85282. 


ABC Log Splitter Components 4° x 24" 
Cylinder $95,00 2 Stage Pump $82.00 
Valve $35.00 Other Items Dealers Wanted 
2347 Magdalena, Cincinnati, OH 45231 


MAKE ACRYLIC PICTURE FRAMES for 
Gift or Profit. Instruction Manual $7.95. J- 
Pratt, 7444 Saunderland Road, Worthing- 
ton, OH 43085. 


PVC PIPE FURNITURE KITS. For Free 
Details Write: Mountain Leisure, Rt. 1, 
Box 361A, Sautee, GA 3057. 


Z AMAZING. 


SCIENTIFIC and ELECTRONIC 


N DEVICES” 


— All Parts Available in Stock 
. Mts BUANG CUTTING C02 LASER ....$20 00 
* RUB3 RUBY LASER RAY PISTOL. 2000 
* BTCS 1.5 MILLION VOLT TESLA COLL ....15. 
LASMA TORNADO GENERATOR.. 10. » 


© GRAT — GRAVITY GENERATOR 
© MAGNETIC CANNON PR 1000 
KITS — Includes Plans and 
* LHC2K SIMULATED REDIGRNNEL LIGHT 
4, 
* BTC3K 250,000 VOLT TESLA COIL....... 159.50 


2 IOGIKION RAY GU 109.50 
PHASOR SHOCK WAVE PISTOL ..49.50 


* INFIK INFINITY TRANSMITTER 134.50 
* METIK 2.3 MILE RANGE FM VOICE 

'R PC BOAI 9.50 
ASSEMBLED AND TESTED PRODUCTS 


* LGU3O RED 1MW PORTABLE HENE 
LASER. 


+ TCL30 SOLID STATE TESLA COIL 35KV B4 50 
1PG50 POCKET PAIN FIELD GENERATOR. 64.50 
$ BLSTO BLASTER DEFENSE WEAPON ... 89.50 


© PPF10 PHASOR PAIN FIELD PORTABLE 249.50 
* SNP20 SECURITY PHONE LISTENER .....99.50 

SLEATALOS CONTAINING DESCRIPTIONS OF 
ABOVE PLi IEDS MORE AVAILABLE FOR 
pL. OR INCLUDED FREE WITH ALL ABOVE 


PLEASE NCU soo ONAL Tsao pno 
(S. PLANS ARE POSTAGE PAID. SEND CHECK, 
MO, VISA, MC TO: 


IMATION UNLIMITED 


F 

ALCHEMY! PHYSIX ANOMALI IES! 

200 TOPICS, RARE INFO, PLANS ! 

AMAZING 40. PAGE CATALOG m 

SEND $2: FOLIOS, BOX 12. 
BERKELEY, CA 94701 


TELEPHONE LISTENING DEVICE 


‘Record feephone conversations in your oie or 
home Connects between any Castelle or pe 
‘recorder and your telephone ine Stars avio. 
matcally when phone rs answered Records both 


ses of conversanon Stops recorder when 
phone 


nang uo 


Super Powerful FM TRANSMITTER 
Many fees mom powerful man ther ansmaters 

Transits up o We mie lo any FM race sy lo 
Assemble Ke - up o 9V banery (not mc) 

For atat o! Transmens Voce Scrambers ang 


n 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax ind 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO | NpusTmies 


BEDFORD. RLS NY 10507 
914-232-3878 


TOOLS & MACHINERY 


ae ^q LATHES 


ak; Be 


513-322-8562 
CAMPBELL T Tools ' COMPANY 


2100P SelmaRd. 


METAL Cutting Lathe $104.50. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, t, 
M, 3736 South 7th Avenue, Phoenix, A 
85041. 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dept. PSII2, PO. 22559, Minneapolis, MN 
55422 
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TOOLS & MACHINERY (cont.) 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


LATHES - MILLING MACHINES 
MACHINE ange SUPPLIES -TOOLS 


Catalogs $1.00 (over T pages) 
pd allt Tee Mom yer For Orders 
Hurricane, WV 
REPRESENTATIVES OF MANY MANUFACTURES 
304-562-3538. 


AMAZING PAINT SAVER! 
i7, Latest Tool For The Painter 

“F< Stop messy overflow! Use less paint! 
=f — Maintain the correct amount of paint on 
your brush each time! Order today! 
1455, 249.95 Plus shp & hndi 
| 1-800-826-8870 (IL 618-594-2533) 

CARLYLE PRODUCTS ¢ 
Carlyle, Illinois 62231 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 to 5 col- 
ors, sheets to catalogues. Copen Press, 
100PS Berriman St, Brooklyn, NY 11208, 


REAL ESTATE 


CANADIAN COUNTRY PROPERTIES. 
Acreages for recreation, development, 
farming, fishing, hunting, investment, 
minerals, etc. OUR 71ST YEAR. Terms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. DIGNAM Corporation, Suite 
481, 85 Bloor Street East, Toronto, Canada, 
M4W 1B5. 


CALIFORNIA. Acreage. Lots. $40 down. 
40 monthly. 4602 Ethel, Sherman Oaks, 


opty ei 

turkey hunting Blue nboon trout 

‘iss INSURED TITLE AND WARRANTY DEED Y 

Welcomed Foe Color Brochure Vea Tapes Avart 
Call Today TOLL FREE: 1-800-252-5263 

Yellowstone Basin Properties 

1119 N. 7th Ave.. Dept. PS. PO. Box 3027 
Bozeman M. ‘3027 e (406) 587-5469 


EARN to $10,000 month or more Buying 
Nationwide Real Estate at 30%-40% Below 
Market - consistently. No competition. No 
license or experience necessary. Probate & 
Financially distressed property. No Cash 
Down/No Credit Necessary. Thousands of 

Seger a exist. 216-453-3000, Ext. 

0 


FREEDOM COUNTRY 
20 BIG acres in WESTERN MONTANA, starting at $9850 
$200 down, $97/month Trout fishing, backpacking, 
‘camping, Elk, deer, moose, bear. ADJACENT to National 
Forests, near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 


TITLE, WARRANTY DEED. FREE color brochure, photos, 
maps. FULL MONEY-BACK GUARANTEE. 
CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE RANCHES 


GOVERNMENT HOMES 
From $1.00. You Repair. Also Delinquent 
‘Tax Property and Foreclosure Lists. For 
Information Call Refundable 1-312-888- 
0123 X-H-504 


ARKANSAS Free List. Homes, Farms, 
Land. American Farm Agency, Mena, AR 
71953. 


HOW TO FIND AND PURCHASE 
GOOD COUNTRY LAND. Send $5.00 to: 
Research Consultants, Box 67, Hughes, 
AR 72348. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


CATALOGE of CIA and other GOV- 
ERNMENT reports, maps, etc. $12.50. 
FORMATION RESEARCH, Box 25573, 
Washington, DC 20007 


FOREIGN NEWSPAPERS 


GOVERNMENT 
SEIZED PROPERTY 
- Automobiles, 


Trucks, Vans, Boats, Furniture, 
Stereos, Appliances & TVs — 


NEW! WORLDWIDE ENGLISH MAGA- 
ZINES. Sampler: $2.49. FREE BRO- 
CHURE. Multinewspapers, Box DE-3B, 
Dana Point, CA 92 


BUSINESS OPPORTUNITIES 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 72205. 


CONCRETE Block Machinery; Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 577 0. 


$100 POUND From “Junked” Tires. 
(Stamp Appreciated). LaVallees, Foun- 
tain, 438. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unneces- 

y. Free Report. Mellinger, Dept. C269C, 
Woodland Hills, California 91367. 


BORROW $300-$30,000 Worry Free! 
Keep Indefinitely! Free Details! Write: 
American, 1601 Main, Plainfield, IN 46168. 


TAKE Catalog Orders. We drop-ship 
2955 best-selling specialty products. Low. 
est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 
tunity. Free Book. SMC, 9401 De Soto Ave., 
Chatsworth, CA 91311-4991 


34370, BARTLETT, TN 38134-0370. 


$1000 weekly mailorder. Immediate 
opportunit; obligation. Enterprise, 210 
Welch-PS, Ames, IA 50010. 


SCREEN Print T-Shirts. Inex; 
“T-Printer” POI 


nsive 


to. $60,000 
yearly! Call TOLL-FREE for Valuable 
FREE report. *800-32*2597. Glas- 
Weld Systems, Box 5755-CI2, Bend, OR 
97708. 


HIGH PROFITS HOME 
Free Details. Nettco. 670-PS James, Wal 
ton, KY 41094. 


EARN up $25,000 quick incredible ne| 
pon titled $25, Dollars For Fej 

lours Work. Doesn't seem fair mal 
money for go fast. 90 day moneybat 
guarantee. id $12.95 plus $1.00 n 
and handling to: Carrie Walker, 


ri 


Prairie, Franklin Pk., IL 60131. 


screens utilized by SONY, ZENITH, 
ANIA, and MAGNAVOXI...Simple 
struction!...Illustrated information a 
complete parts catalog $2.00... Money bac 
guarantee!... POLI-VISION, 187-P| 
Cypress Street, Throop, PA 18512. 


MAKE $15.00 in 5 minutes. $180 Hou 
Send $16.00 to: P.O. Boj 
Round Mountain, CA 96084-0338. 


SECRETS of home business millionaire 
D E -B Du Temple, Beauport, Québe 
47 


NEW Mercede: 
or BMW, $91.62. 
Foxco, Box 2655. 
22152. 


A FINANCIAL SUCCESS SHOWS YOI 
HOW! Free Details. Sase. Success, 493. 
NW, Kahneeta Dr., Portland, OR 97229. 


Benz, $153.29 monthl 
Guaranteed... Write 
PS, Springfield, Vi 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT PESTS!! 
Details FREE! Moneywise-S, Box 26744, 
Tamarac, FL 33320. 


BUMPER Sticker Printer. Cheap, Sim- 
Portable. Free details Bumper, POB 


LEARN non. ". Free 


Free Informa- 
PS612, Box 127, Alexan- 


GET RICH using OTHER PEOPLE 


ecret law smashes debts— 
sh credit! Details m— Wealth- 
"L 33063 


LEARN Piano Tuning. Big Profits! 
ire School, Box 1014PS, Jupiter, FL 


$30,000 PER ACRE! Yearly, Part 
time, Practically no investment. Produc, 
grapevines and rose bushes. Free Informa 
m Eph Ron; Box 400, Flat Rock, Á» 
bur 


Loans: Start-up and Ven 
ture Capital our specialty. No Collateral 
Co-signers, Interviews, Write: Associates 
Box 98-P2, Brooklyn, NY 11235. 


EASY Money made at home with you, 
own Drycleaning or Container Storagi 
Business, Send $7.00 along with s.s. en: 
don for kit and information. Sergeant Di 

rs 130 McRoberts Ave., Toronto 


ille, TX 78520. 


HUGE PROFITS! Reconditioning used 
car batteri ecrets others dont tell. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
PO. Box 1039, Gatlinburg, TN 37738. 


MECHANICALLY inclined individu: 
desiring High Weekly Profits operati 
I Manufacturing. business Without 
es, 92-P Brigh- 


inen write: Busine: 
ton 11th, Brook! Y 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50¢ 
(Refundable), Woodwins, Bridgewater, MA 
02324. 


AIT supplies. Press 


r machin 
22809, (LLC), Tampa, FL 


LEARN Sewing Machine Re 
Men, Women, Lucrative Profits. 
Correspondence School, Box 5104, 
1A 51301-0804. 


MAKE PVC Furniture. Turn your spare 
hours into $31,200 yearly! E; 
assembly business. Write: PVC, 
Battle Ground, WA 98604 


20,000 y 
rant ductworks. Ea: 
Untapped marketplace 
Detalls:  Duetworks, 
Ground, WA 98604. 


AMAZING Profits 
mail-order. An; 


ri 
3resslin 


rly cleaning restau- 

8 hours weekly. 
needs you now! 
771 PS, Battle 


1l wholesale/retail 
uantity: Jewelry, Gift- 
3.00 (refundable) bring 
‘atalog/Confidential price list 

Merrick Blvd., Laurelton, 


$40,000 ON1/3 ACRE! New hydropon- 
ics— inexpensive, pleasant, practical’ 
information. Planter’s, Box 1214, Franklin, 
TN 37 14. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything, Details free. VIP, 
2036 Montrose, Chicago 60618. 


GOLD Stamping Machines, Inex 

sive. Quality. Large imprint Area. Free 
Magic Systems, POB 24986 (LLC), 

FL 3362 


MAKE Rubber Stamps. Highly Profita- 
ble Business. Free Details. Stamper, POB 
22809 (LLC), Tampa FL 33622. 


THOUSANDS HAVE - YOU COULD 
TOO! PURCHASE GOOD COUNTRY 
LAND. For Informative Booklet Enclose 
$2.95 to: RJ. Publishing Co. 6689 
Orchard Lk., Rd., Suite 265, W. Bloomfield, 
MI 48033. 


OZARK country homesites, recreational 
land, 9% financing. Nothing down. Also, 
farms, homes. Shelton Realty, Box 1-PS, 
Willow Springs, MO 65793. (417) 469- 
3187. 


SELL HOW-TO BOOKS BY MAIL. 
UP To 2000% PROFITS 


START NOW! 
We arco shipped at w 


catalogs. citcuiars and sale aides supplied for your 
‘mail order sales. Start without capitat One of the 
fastest Money Making in mai order industry 
Complete details and catalogs Send $100 for 
Postage (refundable) to 

LONG PUI 
PO. Box 1465. Garde: 


INCREDIBLE Incom 
by mail. Details: MCPI-: 


Sell information 
1-32 Merrick 


Blvd., Laurelton, 
WANTED Pickup truck owners that 


need $1000 additional income. Free 
details. Kingston, Dept6E, Oskaloosa, KS 
66066-9028. 


HOW To Start and Operate Seven Of The 
Most Profitable Businesses At Home. Free 
Information. WHK, 319 West 6th St., San 
Pedro, CA 9073 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


$40 - Sü08/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
Box 19636-S, Portland, OR 97219. 


‘SCWL Subliminal Tapes Wholesale: For 
Free Information Write: Life Enhance- 
ment, 811 Moulin, Madison Hts. MI 48071. 


SELL books by mail. 400-900% profit. 
Free sales kit. Speedibooks, 23860-9Q 
Miles, Cleveland, OH 44128. 


33468-1014. Ontario Mí P5 Canada. 
HIGH Profits With Custom T-shirts And |^ TELEMARKET 
Pars Sippy Dee D. | cam came efti “teat | r fom roy 


and EQUIPMENT. Details: Lamar, PO Bo: 
116, Cowlesville, NY 14037. 


GET Rich! Make up to $15,000 in 30 day 
No investment. Write: McDowell, #PB-1 
3660 Wilshire, Los Angeles, CA 90010. 


RAGS TO ROLLS: Incredibly simpl 
method took welfare-level teacher to Wash| 
ington Post interview and cash-purchase o! 
Rolls Royce. Have helped thousands. I'l) 
help you. FREE heavily documented proof 
GN Associates, Dept. PS126, Box 382 
Wallingford, PA 19086. 


RAISE MONEY FOR YOUR OWN BUSI 
NESS! Without Borrowing! Sell shares 
Easy. Free Information. Spi-Rob, Box 400 

lat Rock, NC 


$1200's WEEKLY No Investment: Tan 
POB 9338(PS), Long Beach, CA 90810 


HAD ENOUGH? ARE YOU JUST LIV. 
ING FOR FRIDAYS? I'LL HELP YOU 
EARN YOUR FORTUNE! WRITE NOW 
FOR FREE DETAILS. FOUR WINDS, 
4271 NORTH FIRST, STE 104A, SAN 
JOSE, CA 95134. 


MAILORDER Opportunity: Start profit 
able home business without experience or 
capital. Information Free. Mail Order 
Associates, Dept. 618, Montvale, NJ 07645 


HOT, New, Guaranteed access, Flat-Rate 
Long Distance Service has tremendous 
commission potential. (209) 732-4640. 


THE IDEAL FUND RAISING PRO. 
GRAM can earn substantial income for 
you and your favorite organizations. (602 
742-124; 


HIGHLY Rewarding Opportunity fo 
ANYONE desiring Financial 
Assistance provided. Free Details. APPS 
POB 5328, Glendale, AZ 85312-5321 


YOU CAN BE A WINNER. Like the goo 
life? Join me in the best and only network 
sales plan I'd be involved in. Winners, 221£ 
Demmington NW., Canton, OH 44708. 


EXECUTIVE RECRUITING! Companies 

yy YOU big dollars. Operate from home 
$300,000 year possible. W-J, PO.B 348, 
PS, Corinth, MS 38834. 
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BUSINESS SERVICE 


INCORPORATE Without Legal Fees! 
‘ree Booklet Tells How, Includes forms. 
Jall now. Harvard Business Services. (800) 
145-CORP. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
freebies! Information (stamp): DDN, Box 
10152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS for lawn equip- 
ent. Minibikes, Karts, Chainsaws, Small 
ingines, Quality products. Send $3.00 for 
fall line catalog. GRP Parts, PO. Box 
15245, Dept. S, Somerville, MA 02145. 


400,000 BARGAINS Below Whole- 
le! "Many Free! — Liquidation . 
Job Lots . .. Single Samples. 
Worldwide Bargainhunters. 
Box 730. 3B, Holland, MI 49424. 


FAN Shaped Pendant matching Pierced 
16" gold chain. Ruby, Sapphire, 

$9.95. Lawler, 76 Wesley Ave., 
tlantic Highlands, NJ 07716. 


WINEMAKING 


INEMAKERS—BEERMAKERS Free 


wives reiecit s 
raus, Box 7850-N Independence, MO 
4053. 


| WINEMAKERS - Beermakers Free Cat- 


log, Low Prices, Free Recipes. Cellar-S, 
[Box 33525, Seattle, WA 98133. 
WINEMAKERS—BEERMAKERS Free 
Illustrated catalog. Continental, Box 188- 


IPS, Casselberry, FL 32707. 


WINEMAKERS - E 
SODAMAKERS Free catalog. Joe and 
[Sons, PO. Box 11276, Cincinnati, OH 
45211. 


HOME BREWING 


BEERMAKERS ONLY! Free Catalog/ 
Newsletter. Williams, Box 461-PX, Oak- 
land, CA 94604. 


CARTOONING, SIGN PAINTING 


LEARN Sign Painting - Instructions and 
Supplies Catalog, $1.00. Kaufmann Inc., 
Centertown, MO 650 


JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Tricks, Sci- 
ence, Hobbies, Sports. Johnson-Smith, F- 
03, Bradenton, FL 34203-3796. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $6.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


LEATHERCRAFT CATALOG. 100 pages. 
est selection, available of genuine 


[e ers, kits, books, supplies. 
Dohoy a ity leathers, garment 
leathers edie eas Belt, wallet, moc- 


to: Tandy Leather Co pons 
Dept PS1286C, Fort. rth, TX 76: 


CLOCK WORKS, wood clock blanks, 
epoxy coatings, belt buckles for coins, 
stones, rockhound supplies. Wholesale 
Catalog 25e. Eloxite, 806 V Tenth, Wheat- 
land, WY 82201. 


Di IRS Greatest Selection. Lo 
est Prices. Send for Free Catalogue. Prt 


HISTORIC PRODUCTS, Box 531272, 
Miami Shores, FL 33153. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors; For casting, embedding, coat- 
ing, "iberglassing, in ‘industry, labora 
tories, craft work. Reproduce your designs 
with our mold materials. Catalog $2.00. 
Castolite, Dept. 86Q/PS, Box 391, Wood- 
stock, IL 60098. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92705. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400, Rui- 
doso, NM 883. 


FREE Subliminal Tape Catalog. Lawson 
Electronics, Box 711-8, Poteet, TX 78065. 


EDUCATION & INSTRUCTION 


FREE Lifetime. Ordination. Become 
Chaplain: Missionary Evangelist, Bishop. 
icKeesport, PA 15134. 


LEARN WHILE ASLEEP! Astonishin; 
New Method! Strange Catalog Free! Auto- 


suggestion, Box 24-A, Olympia, WA 98507. 


DR. JOHN BEAR, RO. BOX 8447-PSC, 
MARINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 


ory; control stress. Free—book excerpt & 
catalog. Superlearning, 450-PS12 Seventh 
Avenue, N. 


UNIVERSITY Degrees! Economical 
home study for Bachelor's, Master's, Doc- 
lorate. Prestigious faculty counsels for 
independent study and life experience 
credits. Free information - Richard Crews, 
M.D. (Harvard) President, Columbia 
Pacific University, 1415 Third St., Dept. 
2R5D, San Rafael, CA 94901; Toll Fi 
800/227-0119; California: 800. 
or 415/459-1650. 


Put Your Electronic 
Skills to Work 
in Robotics Now! 


BECOME A 


ROBOT VEHICLE 
PILOT/TI ECH Francia Ac 


Assistance. 


A 


b= 
er ^ HIGH PAY 
V» — HIGH TECH 
EXCITING CAREERS 
Call or Write for 
REE BROCHURE TODAY. 
Ask About Our 
Correspondence Course 
(713)690-0405 


UNDERWATER VEHICLE TRAINING CENTER 
10046 Chickasaw, Houston, TX 77041 


ELECTRONICS B.S. Degree. Corre- 
spondence instruction. Accredited, NHSC 
Free catalog. Grantham, 10570 Humbolt, 
Los Alamitos, California 90720, 


EARN MORE IN 90 DAYS. Free 1987 
catalogue describes 200 success proven cor- 
respondence Diploma courses. Granton 
Institute, 263B Adelaide Street West, 
‘Toronto Canada 


UNIVERSITY DEGREES BY MAII 
Bachelors, Masters, PH.D.s...Free reveal- 
ing details. Te Box 389-SP12, 
Tustin, CA 92680. 


WORLD WIDE COLLEGE OF 
AUCTIONEERING, INC. The original —50 
yrs.— World's largest! Term soon. Approved 
Tor VA. FREE Catalog. 515-423-5242. COL. 
GORDON E. TAYLOR, PO. Box 949, Dept. 
3, Mason City, lowa 50401. 


HIGH SCHOOL Diploma at home. No 
classes. Low cost. Information FREE. Call 
toll free 1-800-228-5600 or write: American 
School Dept. 347, 850 E. 58th St., Chicago. 
IL 60637. 


SUPER-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


UNI DEGREES ACCRED- 
FED, by mail. Bachelor, Masters, Ph.D. 
Details College Programs, 256 South Rob- 
ertson. Suite 3024, Beverly Hil 
90211. 213-652-6452. Dept. #25. 


IMPROVE YOUR LIFE WITH DREAM 
CONTROL! Use our high technology men- 
tal training to achieve conscious control 
while you dream! Request unusual, free, 
valuable report. Institute of Diskinetics, 
Box 52191-P Tulsa, OK 74152. 


DEGREE PROGRAMS 
IN Management, Economics, Philosophy, 
Business Studies. Credits and Experience 
accepted. Prospectus (airmailed $2.00) 
Registrar Sussex COLLEGE OF TECH- 
sus- 


NOLOGY, HIGHFIELD DANEHILL, 
SEX, ENGLAND Rh 17 7EX. Founded 1969 
students worldwide. 


SCIENCE & CHEMISTRY 


FREE SCIENTIFIC CATALOG R.J.M. 
Laboratories, Inc. presents its latest cata- 
log containing scientific laboratory equip- 
ment and supplies, including a complete 
line of specialty laboratory glassware. 
Write today for your FREE catalog: R.J. 
Laboratories, (I) PO. Box 899, Santee, CA 


SKELETONS, $1.00 Catal: 
7124 North Clark, Chicago, É 60626. 


1987 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 


Dinosaurs and much more. Beginner to 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


HUMANS can detect magnetic field. 
Instructions $5.00. Research and Develo 
ment, PO. Box 465, Parkersburg, 
26102. 


ENTERS" 
CHEMICALS - Catalogue 
$1.00. Established: 1953 LAB- 
ORATORIES, 1302 Washington, MANI- 
TOWOC,WISCONSINS4220. 


COMPLETE Catalog $100 Closeouts, 
Surplus Lists. Laboratory Sales, Box 161- 
righton, MA 02135. 


IICALS/LAB EQUIPMENT 
Low Prices eae mantles scales, 
microscopes, Catalogs, Chemical $3.00, 
Equipment $4.00 bot CHEM. 
14814 Inglewood, Hawthorne CA 0280, 


HUNTING & FISHING INFOR 


FREE 1986 CATALOG: Gun-Chaps, 
hunting and archery accessories, Kane 
Products, Dept. PS, 5572 Brecksville Rd., 
Cleveland, OH 44131. 


AIRGUNS 


madein EA with Lifetime Warranty. 


Meisterkugeln Match, Superpoint, Hol 


lowpoint, Superdome, Hobby, and Stan- 
dard Pellets. Plus Targets, ‘Traps, Scopes 
and Accessories. For New 1986 “Precision 


Products” Catalog send $2.00 for Ist class, 
$1.00 for 3rd class delivery to: Dynamit 
Nobel of America, 105 Stonehurst COurt, 
Dept. PS, Northvale, NJ 07647. 


TAXIDERMY 


EXOTIC Butterflies, Beetles, World- 
wide. 64 Page Catalog $2.00. Scientific, 
P.O. Box 307, Round Lake, IL 60073. 


TOYS & GAMES 


HERITAGE MAHOGANY WOOD 
BUILDING BLOCKS. 252 pieces all wood. 
EE assembly. Color brochure availabl 
$25.00 UPS delivered. Visa-Mastercat 
AMES, POB 1032E, Selma, AL 36702. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293. 


COMPUTERS 


T-99/4A Software/Hardware bar- 
gains, Hard to find items, Huge selection. 

‘ast Service. Free Catalog. Enterprises, 
Box 690, Hicksville, NY 11801. 


SOFTWARE, IBM Compatiable, Less 
Than $4.00 Disc, FREE CATALOG. PSCa, 
Box 1057, Capitola, CA 95010. 


MISCELLANEOUS 
BARTER? Start your own club. Manual 


$6.00. Barter, Box 1086AL, Mount Pleas- 
ant, NC 28124 


RUBBER STAMP 


TRY IT! 


(SELF-CONTAINED STAMP) 
— FITS IN A POCKET — 
onty 510.95 os. 
3 for 29.95 uP ro aunes 


IL Co., P.O. Box 493, Cicero, IN 46034 
VISA & WC — MONEY BACK GUARANTEE 


Order "CUSTOM MADE” 


RUBBER STAMPS 


UP TO 4 LINES only $95 
(Max 30 letters perine) © ea, 


SATISFACTION GUARANTEEO 
FASTSERVICE Your Order Shipped in 5 days! 


TEACH «fy e 


Protects You. 
REHABILITATE DOGS: from Electne Shock Shy , Gun SF 
CORRECTS i CHES » 


AMERICAN FIELD, TIME’ MAGAZINE, TV GUIDE, 
DOG. WALL STREET JOURNAL snd others. workiwie. 
A science engineering breakthrough A set of unique 

-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand, Near 
hypnotic control, even at a distance. No leash 
needed. Novices become experts, This new 
discovery is a learning-sound catalyst that teaches, 
direct to the dog's mind. Renders bodily paintraining 
‘obsolete, Safer. Kind. Yet, more powertull Dogs 
simply don't fight it. Tunes dogs in, makes them want 
to please you. Unequaled loyally-bonding. Same 
instruments and system (the Dr. Miller patents) 
dispensed by veterinarians for dog behavior. Now, 
thousands of satisfied users in U.S. & foreign lands, 
From $25 to $175 FREE catalog 


DOG MASTER SYSTEM, 
4126 Wilshire, Box 250. Hills, CA 91301 
Qr, Call (800) 8247088. 


lor operator 658. 
Soma © wm 


SALESPERSON - DISTRIBUTORS 
WANTED 


THERE IS MONEY 
TO BE MADE SELLING 
NAPP 


Start earning extra cash instantly .. . pus 
Técetve 80% discount ona pax of cushion comfon Knapp 
shoes for yourse! rom tne largest direct sling shoe 
‘companyinthe ene county. Over 20 000 sales people 
Ike urse are making money every day seling rom our 
{ul color catalog featuring over 250 attracive styles for 
men and women including dress, casual work, safety and 
‘outdoors. Knapp wil send you a complete FREE. 
SELLING KIT, including everything you need to get 
stared earning exra money immediately Thereisnonsk. 
when you seli Knapp shoes. We support our sales people 
wih re training and back our shoes with an unconditional 
money back guarantee. No cost! No Obligation! 
‘Send coupon today! 
Thomas McCaffrey, KNAPP SHOES, One Knapp Centre 
5868 Brockton, MA 02401 
Name 
Address. 
City. State — Zip —— 


America Works 
in Knapp Shoes. 
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JEWELRY 


CLOSEOUT Jewelry. 55e dozen (Catalog 
.25e). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
‘Teeth, Rings Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Pw pn 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 457, Chi- 
cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y 
Madison, Chicago 60602. 


WATCHES, CLOCKS— 
SALE & SERVICE. 


Specify gold or siv 

movement guaranteed. 14 day m. 

guarantee. Add $3.00 S&H per order. MA residents 
add 5% tax. Mai lo CARAVAN ONE, INC. 

PO. Dept MATIC B a6 


ELECTRONICS, STEREO HI FI 


WE ARE AMAZINGIII 

Amazing offers on HIFI, VIDEO, and CAR STEREO 
Choose from: YAMAHA, SONY, ALPINE, KENWOOD, 
INFINITY, JBL. MERIDIAN, CARVER, NAKAMICHI. 
CANTON, MISSION, PS AUDIO, APOGEE, HAFLER, 
STAX, much more. We have no competitors If you re 
Serious or curious, you cannot afford to wait. For a 
look at the future of electronics retailing, CALL or 
WRITE, TODAY. 


AMAZING INT'L SIGHT & SOUND. INC. 
Dept 26, 1323 South 4th Street. Philadelphua, Pa. 19106. 
1215) 969-1166 


RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224, Denver, CO 
80219. 


CABLE TV E; ipa Low prices we 
ship C.O.D. Sen 00 for catalog. Cable- 
tronics Unlimited, P.O. Box 266-S, S. Wey- 
mouth, MA 02190 (617) 843-5191 


SALE, All brands, (No Escort/ Passport), 
Free Delivery, No tax. We're Video Spe- 
cialists, check our prices! 1-800-344-7123. 


VIDEO MOVIES. Tremendous selection! 
Giant catalog $3.00. Tower, Dunkirk, MD 
20754-0213. 


HOW TO CLEAN YOUR yourself, 
$3.99 include model #. Neb 215 2515 Suite 16- 
601 Phoenix, AZ 85016. 


MULTI-CHANNEL MICROWAVE 
TV RECEIVERS 


1927 GHz AF Dah I6». dB Gan 
LIFETIME WATRANTY 
em sa i 


‘Components 
de fears Nae 

Kas ELECTRONS Cali now fo same 

PO. day shipping? 


PON 85067 (MI DR 
S2 Credit on phone odes 


SATELLITE TV 


QUALITY Products Low Prices - Free 
Brochure and 800 number. SSE, POB 3833, 
Ocala, FL 32678. 


SATELLITE TV SYSTEMS. Name brand 
systems and components at discount 
prices. Install yourself and Save! Free 
information. Satellite Discount Merchan- 
disers, 2600 T-Anchor Blvd., Amarillo, TX 
a Orders 1-800-237-8969. Texas (806) 

-1401. 


BOOKS & MAGAZINES 


A bi-monthly 
magazine with 
plans/instructions 
lor metal-working 
projects you can 
build. $18.50 per 
year (CheckM.0.). 
With charge card 
- call anytime. 


- Machst. 


800-824-7888 Operator 660 or write 
‘The Home Shop Machinist, Box 1810-A4 
Traverse City MI 49685 


TT —A--— 


FAMILY Bibles - Beautiful Bible Stories, 
Taped Bible Cassettes. Details $2.00. Brid- 
ges, Box 5460, Hollywood, FL 33083. 


MONEY MAKING BOOKS & DISTINC- 
TIVE gifts by mail. Send $1.00 for brochure 
& catalog to: Watson & Associates, Box 16, 
Richview, IL 62877. 


PUBLISH Your Book! Join our success- 
ful authors. All oot ste invited. Publicity, 
advertising, beautiful books. Send for fact- 
filled booklet and free manuscript report. 
Carlton Press, Dept. PS, 11 West 32 Street, 
New York 10001. 


INDEXES to POPULAR SCIENCE 
available; full set of 13 for $13, postage 
paid. For 1984 only, send $1.75 to: POPU- 
LAR SCIENCE Box 2017, 
Latham, NY 12111 


FORMULAS, PLANS 


HENLEY'S 
20th Century Book of 
10,000 Recipes, For- 

mulas & Processes 


ages hard cover-cloth binding. Only 
$1695 plus $195" postage & handling 
Dealer's Inquiries invited 


EMBASSY SALES Dept. PS 
Box 67, East Elmhurst, N.Y. 11369 


(REFUNDABLED: 
Brookfield, WI 53008-0193. 


REMAILING SERVICES 


FREE Information! Postal earum 
East 900 South, Salt Lake City, Cw 


Mail Receiving/For- 
warding. Mail Drop, Box 18039PS, 
Orlando, FL 32860. 


MAILING LISTS 
FREE Malling List Consultation. 
Details. GOC-33U, Box 1107, Stuart, Fl 
33494. (305) 334-5205. 1-800-554-5478. 


masa Opportunity Seekers. OVER- 
‘SHIPMENT! / 


EMPLOYMENT INFORMATI 


OVERSEAS... $25,000-$65,000 
Free Report! Employment, Box 19760-1 
Indianapolis, IN 46219. 

JOBS, Cruiseships, Tugs, Shiq 
boats, Oilrigs: Women-Men. Worl 
Home month. USA + Overseas. 


tion $3.00 Marine Employment, Box 2 
Central, IN 47110. 


OVERSEAS, US. JOBS 
Write 


UNLIMITED OPPORTUNITIES. 
application, Employers, Box 3239-B, 
ores, AL 36542. Or call (205) 540-: 


MONEYMAKING 
OPPORTUNITIES. 


BORROW $3 
Keep Indefinitely! Free Details! Wi 
American, 1601 Main, Plainfield, IN 4611 


GOLD Stampin; 


g Machines. Inex 


sive. Quality, imprint Area. 
details. Magic Systems, POB 24986 (LI 
Tampa, FL 33623. 


$100's WEEKLY Clippi 
articles, Free information. MCPL? 
32 Merrick Blvd., Laurelton, NY 11413 


$1000 WEEKLY Home Business Di; 
tore amd Box 2019-PS, New York, 
10163. 


GET RICHI Secret law smashes del 


bring 
Kit- 


cash credit! FREE report!! Weali 


i, Box 4036, Pompano, FL 33063. 


FANTASTIC 

diately! EXCITING FREE DETAILS! 
SUCCESS, #605-PS, Dresher, PA 1 
BUMPER Sticker Printer. Cheap, Si 


pie or Portable, Free details Bumper, Pq 
12791 (LLD), "Tampa, FL 33622. 


ive Labels. 500 HIGH Profits T-Shirts and Ci 
$25; 100/840; . 5000/$175. Others. | pensive, professional transfer ma 
Avon. Drawer B6, Shelley, ID 53374. | Supplies, Press Magic FO. Box 
Visa/MasterCard, AmEx 1- TD, Ss FL 33623, 
FRESH, Hot, Responsive Name Lists of 


mailorder Buyers. Most categories. Com- 
[xm in Zip Code Order. Peel and stick 
bels. Guaranteed Deliverable! For Bro: 
gf $1.00 to: Direct Mail 


READY REFERENCE. Preserve your 
copies of Popular Science for future refer- 
ence with handsome library cases. Each 
sturdy, durable case holds a year's issues. 
Covered in bright red simulated leather 
with the logo embossed in gold. $7.95 each, 
3 for $21.95 or 6 for $39.95. Add ow unit 
postage & handling, USA only. PA resi- 
dents add 6; sales tax. Send check or 
money order to Jesse Jones Box Corp., 
Dept. PS, 499 East Erie Ave., Philadelphia. 
PA 1913. 


LIVE : 
STEAM 


A monthly m 
Jans/instruc 


jotives you 
can ride! 


$26 (USA) per year check or money order 
Charge card call free 


800-824-7888 Operator 660 or write 
Live Steam, P.0. Box 629-A4 


Traverse City, MI 49685 
MONEY- BACK GUARANTEE 


LISTS are now available for IMMEDIATE 
USE! Computerized on Peel/Stick labels in 
ziP CODE GUARANTEED 


ORDER. 

DELIVERABLE! For FREE details wrile: 
ALEX REGINATO, Aes 7th ave, Dept 1C, 
San Francisco, CA 


HOT - CURRENT - LISTS GUARAN- 
TEED DELIVERABLE. Peel/stick 
OPPORTUNITY SEEKERS 500/825.00, 
1M/$40.00. MLM 500/$.35, 1M/$60.00. 
Multi Source, Box 556S, Moorestown, NJ 
08057. 


GOV'T SURPLUS 


MILLIONS OF SURPLUS BARGAINS! 
Jeeps included! Many 1% original cost. 
“Nationwide Government Directory — 
$2.00 (Guaranteed). Disposal, Box 19107- 
FL, Washington, DC 20036. 


1S It True You Can Buy Jeeps for $44 


pe: the U.S. government? Get the facts 
Gall 1-312-742-1142 Ext. 4606. 
PERSONAL 


BORROW No credit or 
employment needed. 24 hrs call 102) 788. 


PROFITABLE OCCUPATIONS 


JACK REPAIR MANUAL 
and catalog $5.00. Q Hydraulic Parts Supply, 
Box 4157, Brownsville, TX 78523-4151. 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 40e. Ellwanger's 
PS., PO. Box V, Port Jervis, NY 12771. 


FREE. Brochures. Repair air condition- 
ing. Refrigeration. Tools, supplies, full 
instructions. Doolco, Inc., 11252 Good- 
night, Dallas, TX 75229. 


SECRET "e Devices - PRIVACY 
Maildrop! $1.00. PO. Box 


PROTECTOR, 
520294, Salt Lake City, UT 84152. 


COLLEGE DEGREES, High School 
Diplomas Authentic looking. Cata- 
log. National Certificate, Dept. PSI 210 
5th Avenue, New York, 10010, (718) 768- 
6803 Ext. 100 (24 Hrs. 


HERBS - Yohimbine, Pau D' Arco, 
FeverFew, Catalog $1.00 (refundable) Jude 
Herbs, Box 563PS, Huntington Station, 
NY 11746. 


ANY WEEKEND! A; 
ing ing new gia epe it easy. No mon 
eptical? FREE PROOF. Wri| 
. Box 5097-K3 Babylon, 


10017. 


LOANS BY MAIL 


IMMEDIATE Loans to deserving indivi 
uals refused elsewhere. Many 
included. Try us! Associates, Box 98- 
Brooklyn, NY 11235. 


BORROW $300- $30,000 Worry Frd 
Keep indefinitely! Free Details! Writ 
American, 1601 Main, Plainfield, IN 4616 


BORROW $5000 xu A 


rpose! Free c 
x ne wise In [oW IN 46219. 


Rapi. Bush sipel eme 
Box 2030, (PS), Richardson, 7 
BORROW $500-40,000! “Overnight” C 


Signature. Keep indefinitely! 
Action PL-12, 3660 Wilshire, Ne 
CA 90010. 


f 


NEED MONEY? Cash, Loans, Govei 
ment Grants. 99% eligible-no investij 
tion. KPA, Box 373-FNM, Woodmere, 
York 11598. 


eu BUSINESSMEN Have Mone: 
& Invest. Top, Finders Fees Pai 
IMEA. Duo Box 3574, Newpo 
Beach, CA 92663, 


FREE MONEY! $300,000.000 Giveawa 
Grants. Never repay. Details $1.00. Jakl 
Box 3066-PS12, Seminole, FL 33542. 


BORROW by mail of lenders ar 
applications. $500 to $100,000 sij Rose 
loans send $4.95 to: Hardtimes, 11: 
more, Buff, NY 14212. 
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|. MUSICAL INSTRUMENTS 
pM ba 


ported tonewood, tools, varnishes, parts, 
ries, strings, cases. Euro 
hstruments. Bows. Assemble yourself vio- 
m and guitar kits. Catalog $1.00 includes 
i. discount certificate. Dept. LL, 4026 W. 
Jelvedere Ave., Baltimore, MD 21215. 


SONGWRITERS 


INTERNATIONAL VIOLIN COMPANY, 
atalog for instrument makers, repairers. 


POEMS-SONGS WANTED. Free Pub- 
Ishing/Promotions. Broadway Music, Box 
438-PS, Sarasota, FL 33578. 


DETECTIVES 


! PRIVATE INVESTIGATOR Home-study 
ining Program. Free Information. 
lox 191PS, Hanover, MA 02339. 


ELECTRONICS, BOOKS, AND WEAP- 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
letails. Licensed since 1958. Rainer Asso- 
ates, 2008 Fondulac, Richmond, VA 
13229. 


NONPROFIT foundation helping inven- 

rs over 11 years, Free recording forms. 
"ree evaluation. Affiliated Inventors 
Foundation, 501-A Iowa, Colorado Springs, 
DO 80909 or Call 1-800-525-5885. 


HAVE YOUR INVENTION MADE OVER- 
World Trade Associates, Box 789, 
delphia, MD 20783. 


REGISTERED PATENT ATTORNEY will 
pvaluate invention, prepare and prosecute 
Est application. Reasonable rates. 


win Schindler, 1523 East 4 Street, 
rooklyn, New York 11230. 


OF INTEREST TO ALL 


WITCHCRAFT — HARNESS THE 
FORCE. Understand the Old Religion and 
the consensus reality. Gavin and Yvonne, 
Box 1502PS, New Be 


REWARD your dog. Home Bake Califor- 
nias preferred, all natural pet treat recipe. 
Dog's love 'em. Order now and receive free 
cookie cutter. Rush $6.50 + $1.50 for s/h to: 
Sunibelle, PO. Box 30483, Walnut Creek, 
CA 94598. 


DO MAGIC with numbers, even social 
[x] numbers! Extraordinary book! 
Free Information: Champollion, Box 
808MT, Union City, NJ 07087. 


(GENUINE Marble, whole-sale, all colors, 
all sizes. 603 Turner, Las Cruces, NM 
88005. 


FREE 10005 Formula’s Recipes. S.a.s.e. 
Jeykle, 10380 Kingspont, Cincinnati, OH 
45241. 


STAMP COLLECTING 


FREE: Discount Stamp Catalogue, Shel- 
ron, Box 547B, North Miami, FL 33161. 


FREE Surprise collection with approv- 
als. Jay, Box 2130, Petaluma, CA 94953. 


FREE, U.S. Mint Set. pronus Hilde- 
brand, Box 4867, Santa Clara, CA 9505. 


FREE US MINT CATALOGING $1.00, 
with ADM Carlson, Rt. 2, Box 112P, 
Annandal 55302. 


US. AIRMAILS 45 Different Used $2.00, 
Mint $15.00. Eberling, Box 2216, Neptune 
City, NJ 07753. 


| INVENTORS! Can you patent and profit. 
from your idea? Call or write for your free 
information package. Over a decade of 


ervice. AMI COR- 
82 Broad Street, Dept. PS, 

Westfield, Massachusetts, 01086. 1-800- 
138-5656. In Massachusetts or Canada call 
3) 568-3753. 


INVENTORS: If you have an invention 
for sale or license, write for free booklet 
xplaining how we can help you. Kessler 
ales Corp., C-7-Fl, Freemont, OH 43420. 


INVENTIONS WANTED 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 
RERS REPRESENTATIVE, Suite 3615- 
wn Building, New York, NY 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free: 
1-800-225-5800. 


PRODUCTS 
Presentation to industry and exhibition at. 
national innovation exposition. Call free 1- 
300-528-6050, Canada, 1-800-528-6060, 
X831. Or write: 
INVENTION SUBMISSION CORP-PS 


NEW IDEA? American Patent in Wash- 
ington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit—1-800-257-7880. 


HONGKONG factory needs several new 
products for their overseas buyers, Send 
product ideas for royalty evaluation. Can 
produce, exclusively Hongkong Plastc 

letal Products Company, Box 69627, 
Kwuntong, Hongkong. 


YOUR Patent Drawings By Professional 
Draftsman. Draftart, Box 72, Woodstock, 
VA 22664. 


FREE information of offering your 
invention for sale. Kessler Sales Corpora- 
sion, C-7-1W. Fremont, Ohio 43420. 


BODY BUILDING 


FITNESS CHARTS, Free Catalog. 
CHARTS, 7124 North Clark, Chicago, I 
30626. 


US. 6 Commemorative plate blocks or 
30 mint commemoratives $1.00! Approv- 
als. Gordon Davison, 307, Contoocook, NH 
03229. 


PENNY Stamp Approvals, Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 


FREE Worldwide Packet. Penny approv- 
als. Froehlich, Box 177DB, Pine River, WI 
54965. 


COINS & CURRENCY 


BELT BUCKLES for coins, stones. Spe- 
cialty buckles, jewelry mountings, clock 
works, expoxy coatings, Wholesale Cata- 
log 28e. Eloxite, 806 V Tenth, Wheatland, 

82201 


OLD COIN GRAB BAG. 10 different 
$3.00. 20 different $5.00. V-Nickels, Buffa- 
los, Indians, Wheaties. Gradys, Box 1221, 
North Wilkesboro, NC 28659. 


PATENT ATTORNEYS 


DON Favre, 1600 S. Joyce, Arlington, 
VA 22202, (703) 920-2962. 


WATER PURIFICATION 


DRINK PUREST Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45981, Center Hill, FL 
34254-0459. 


DISTILLERS, AIR PURIFIERS, JUIC- 
ERS, discount prices! Call (800) 433-4342, 
Colorado residents: (303) 695-7700. The 
p Spa", 3150-B S. Peoria, Aurora, 

80014. 


GOOD EATING 


INDIA Recipes. 10 recipes the Punjab 
South Madas Way $3. Box 7151, Irvington 
On Hudson New York 10503. 


EXCEPTIONAL MEATLOAF, recipe only 
$1.00. Money Back Guarantee. G’ Sj 
tem, 1515 Lynch Lane, Clarksville, IN. 
47130. 


SURVIVAL EQUIP 


SURVIVLE KITS, FOOD STORAGE, 
WATER PURIFICATION. Send $100 for 
economical plan, product information and 
price list. K.H.J, P.O. Box Y, Sterling, UT 


BETTER HEALTH 


HEART ATTACK 


FREE REPORT. | survived heart attack Quit 
doctors. Used 90+ day painless technique. Cancel- 
led surgery— Tossed out pills— Ended discomfort. 
Feel & look younger. Regained health. Laugh at 
doctors & pills. | am a new man. Helping others. 
Free proot-SEND NO MONEY--only name and 
address! Surviva-8, Box 3256, Austin, Texas 
78764. _Dept22 


SAVE 25% 
AMAZING. ELECTRONIC 


ACUPUNCTURE 


FREE Handsome Carrying Case and Instructions 


RELAXES MUSCLES. 
RELIEVES TENSION 


CONQUER PAIN! Retin 10 Minis 


‘SATISFACTION GUARANTEED 
OR MONEY BACK 


Act Quickly! Pays for Itself! 
GL 2) 844-6060 


TREASURE FINDERS/ 
METAL DETECTORS 
_ jewel, gold nugget 


lutionary device. 
4729L N. 7th Ave. 


Phoenix, AZ 85013. 
Pay For Your Hobby! 
With White's wW R 


Professional 
ll Free WHITE'S ELECTRONICS 
911 Dept, PB-6 Sweet Home, OR 97386 


BURIED TREASUR 


cate from a LONG DISTANCE 
mith Ultra Sensitive DIRECTIONAL Locator 


Call To 


ND FOR 
AEREE INFORMATIVE BROCHURE 
= RESEARCH PRODUCTS 

sox EITI TAMPA, FLORIDA 33688 


SPORTING GOODS 


TRY SOMETHING OLD. Ice age weap- 
ons: Spear throwers, target spears. Plan 
Kits, ready-made. Tate Enterpri 
110755, Aurora, CO 80011. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
rms Arranged. Lloyds-PSC, Rockford, IL 


61104. Call 1/800/323-1212 Toll Free. 


GIANT SAVINGS Custom In-The-Ear 
Specialists. 30 Day Trial Terms. Riteway, 


Box 59451S, Chicago, IL 60 


Q HEARING Al 
PRICE C ALOG FREE 


UPER $AVINGS! Newest, Finest. All 

Buy DIRECT & save up to HALF! 

salesmen. Sold by AIR MAIL on HOME 
RIAL. FREE Catalog. Write: 


{| MONEYSAVERS, 
I Dept. P: 120 sd Langdon Ave., 
al. 


S 
Sepulveda, 


ENJOY HEARING 


All-in-the-ear Hearing Aid! Nothing 
over, under or behind the ear . . 

no cords, tubes or wires. Simple 
slip-in fit. Full range volume control. 
45 day trial, NO salesman will call. 
Order your free catalog! Write Better 
Hearing today! 


or call 24 hrs./day 
1-800-824-7888 
ask for Operator No. 372 


BETTER HEARING 
Box 569-69T Brookport, IL 62910 


HAIR CARE 


HAIR GROWTH. New High Tech Prod- 
ucts guaranteed to stop hair loss, has pro- 
moted New Hair Growth in over 75% of it's 
users. Full money back Guarantee, for 
Free Information write to: Looking Good, 
PO. Box 819, Levittown, NY 11756. 


SAVE MONEY! ov varen 


New patented automate gives superi 
haircuts easy, fast and gentle. 

Even back of head is easy, 
Measures length, cuts, 
|tapers, collects clips. 
Ali automatically, you 
just pass it over hair A 

No blade changing. Cordless. Charger included. 
Get fresh haircut in minutes, easy as combing, 
anytime you like. You'll look ‘better, feel better, 
|Make extra money! Cut hair in your sparetime! 
Haircutting Guide included. Use our haircutter 
|for 60 days, for as many haircuts as you like. 
|if not delighted, get immediate full cash refund. 
|Send $1 (refundable) for catalog. Mail today to: 
Robocut Co 5, POB 9596, Ft.Collins, Co 8052! 


KNIFEMAKING SUPPLIES 


MATERIALS FOR CUTLERY 
38 Page Catalog $2.00. Custom Knifemak- 
ers Supply, 308-PS, Emory, Texas 75440. 


E 


i EIL NEW 6 FT. “4 IN 1" TAKE-DOWN BLOWGUN 


pests! Target, plinking. 
es rifle power! Pi 
^t 135 steel darts. 
5 darts f 


VISA, M.C., AM.X. (C.O.D. Saan) 22,5 
Or 1-800-824-7888 07:638 Biowgun World, Inc. Box25183-P Salt Lake City, UT 84125 


D's io Bis number 


" New 1997 Survival-Hunting "Commando'""Mojdels&El 


24-HRS. 


DECEMBER 1986. | 115 


Product Information 


Booklets, catalogs, and folders listed below provide reliable information, illustrations, and specifications to help you in planning the purchase 
of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling fee. For your safety, please do not send cash. 


1201 Robotics A brochure from Access 
Software describes its series of robotic work- 
shops for the home computer. The workshops 
consist of various software programs for ex- 
periments and projects in robotics, engineer- 
ing, and science. Free 


1202 Electric Generators Color literature 
from Ag-Tronic details the features and uses 
of Powermate electric generators. The line 
ranges from 500- to 7,000-watt generators 
—ideal for recreation, construction, and home 
power emergencies. Free 


1203 Gardening Organizer A color bro- 
chure from The Better Mousetrap Co. explains 
how the Garden Butler cart saves time in the 
yard by reducing the number of trips back 
and forth to the shed. It converts to a haul- 
ing cart for heavier loads. Free 


1204 Hunting Equipment Browning's new 
full-color catalog lists the company's complete 
line of sporting arms; gun accessories, safes, 
and cases; archery equipment; clothing; 
boots; and knives. Free 


1205 Riflescopes A full-color brochure 
from Bushnell, a division of Bausch & Lomb, 
describes its line of riflescopes and handgun 
scopes, with a selection guide. Free 


1206 Optics Celestron International's pic- 
torial catalog lists the firm's complete line of 
telescopes, spotting scopes, binoculars, and 
accessories. It also contains purchasing and 
user tips, $3 


1207 Drip Irrigation An informative book- 


let from Drip Irrigation Garden tells how to 
get the most from your garden with minimal 
water use. The literature describes how drip 
irrigation works, and how to install and map 
out your own system. Free 


POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 


Note: Poputan Science Massachusetts address is for Product Information only. 


Please send the items checked below. | am enclosing $1 handling charge (any 
number of items per coupon) plus amount required for priced items. Orders will not 


1208 Hard-to-Find Products Edmund Sci- 
entific's new 60-page catalog contains more 
than 1,200 hard-to-find products such as 
magnifiers, optics, telescopes, microscopes, 
motors, fitness items, and more. Free 


1209 Picture Accessories — A color catalog 
from Exposures is designed to get your favor- 
ite photos out of drawers. The literature lists 
a selection of antique frames, unique photo 
albums, designer picture organizers, slide- 
viewing equipment, and more. $1 


1210 Digital Multimeters — Trouble-shoot 
electrical circuits with this 16-page brochure 
from John Fluke Mfg. Co. Charts and draw- 
ings show how to use digital multimeters on 
basic AC circuits, motors, circuit breakers, 
and more. Free 


1211 Solar Heating — A solar planning kit 
from Hanson Energy Products describes how 
its TA-3 space-heating system brings you the 
free warmth of the sun, saving you money on 
your energy bills. $1 


1212 OilCoolers A brochure entitled “Oil 
Cooling: Who Needs It?" is published by Hay- 
den. It tells how Hayden oil coolers can in- 
crease the life expectancy of your car's 
transmission and engine. Free 


1213 Ceiling Fans A 32-page four-color 
booklet from Hunter Fan entitled "What Every 
Consumer Should Know Before Purchasing a 
Ceiling Fan" offers helpful tips for making an 
educated ceiling-fan purchase. Free 


1214 Computers Interstate Voice Prod- 
ucts' color brochure details its VocaLink 
SRB-LC computer data input system. Com- 
patible with most home and professional com- 
puters, VoiceLink makes data entry easier and 
faster. Free 


FILL IN COUPON AND MAIL TODAY 


THIS COUPON EXPIRES FEBRUARY 28, 1987 


1215 Garden Tiller Full-color literature 
from Kubota Tractor describes the features 
and uses of the firm's walk-behind garden till- 
ers. Featured are three models for gardening 
and light farming; landscaping and commer- 
cial users; and a powerful ground-breaking 
performance tiller. Free 


1216 Power Winch Lee Winch's fold-out 
brochure describes its heavy-duty pulling 
power winch. The smallest portable winch in 
the world—only 20 inches long—the com- 
pany claims it can pull 2,000 pounds on a 
single line pull and up to 8,000 pounds on a 
triple line pull. Free 


1217 Cedar Homes Two plan books from 
Lindal Cedar Homes lists hundreds of plans, 
color photographs, and ideas for your natural 
cedar home. Included is a unique planning 
grid to get you started, $7 


1218 Locksets A new full-color 10-page 
catalog from M.A.G. Engineering and Mfg. 
highlights its unique security reinforcement 
hardware for residential doors, locks, and 
frames. Detailed applications and specifica- 
tions are enclosed, along with a suggested 
retail price list. $1 


1219 Step Drills A 16-page catalog from 
Petersen Mfg. describes its Unibit Step Drill. 
The drill has a single fluted drill bit, but you 
can drill as many as 13 different-size holes 
by simply counting the steps as they pene- 
trate the wood. Free 


1220 Home Video Games A consumer in- 
formation kit from Sega of America details 
the Sega Master System home video games. 
The literature describes the system and avail- 
able software. It also introduces the revolu- 
tionary Sega cards—software games that fit 
in your pocket. Free 


1 AM ENCLOSING 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


O 1201 o 1205 © 1209 $1 J 1213 1217$7 $ Tor priced items 

O 1202 O 1206 $3 1 1210 | 1214 o 1218$1 — 100 tor handling 

o 1203 o 1207 o 1211 $1 J 1215 O 1219 

O 1204 O 1208 D 1212 ! 1216 1 1220 s. TOTAL REMITTANCE 
Name (please print) 

Address City & State Zip 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 
=== -— 
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4 minutes a day. 28 minutes a week. 
2 hours a month. 1,344 hours ina lifetime. 
Make the best of it. 


Most people see shaving 
as something that you do 
for a few minutes a day. But 
at Braun, we see shaving 
as something you do for a 
lifetime. 

Which is why we've 
designed our shaver's thin 


profile to fit the contours 

of your face as comfortably 
as your hand. And why the 
rubber knobs on our grip 
actually quiet motor noise, as 
well as provide a firm hold. 
Our rechargeable shavers 
charge in an hour instead of 


the usual twenty-four; and 
perform equally well with or 
without a cord. Even our 
foil is ultra-thin and platinum 
coated to help provide 
acloser, smoother shave. 
This comprehensive 
approach to shaving has 


made Braun the best-selling 
foil shaver in the rest of 

the world. Now it's finally 
available in America. And 
not a moment too soon. 


BRAUN 


Designed to perform better. 


© Philip Morris Inc. 1986 


Kings & 1008 


Regular and Menthol 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


Mfr's. suggested pricing based on full-price brands. 


Kings: 10 mg "'tar;' 0.8 mg nicotine — 
100's: 12 mg "'tar;' 0.9 mg nicotine av. per cigarette by FTC method 


